tees 
bal 
3h 


Hho 


SARA 
(ike 


or Reference 


NOT TO BE TAKEN FROM THIS ROOM 


vi 
v 


haan 
i 


SUEUR 


WARS 


Ex AIPRIS 
UNINERSUCACHS 
AIBERCALASIS 


+ tbe ‘ee 
; _ De tg . 
ereaad etieaavree Pt, ee 
Civil 4Gas ar.’ ANTIK. ED 
\ cas 


7" sete: % sdeivadad baa qaesltis SIREAt ‘Wag 
bese state ict eeS?sétaes itosie® .. 

er A ia oO . 

tai a Oe ee Magny saw areanr Sie: fos 

> “9 7 < > ¥ Sets oe a - ‘7 id 


; * Bl you T. THe nae) are) Saree Bint 


ceéve 2 4 os : rf Le frugay 7 } ies 4 et SS 


: 
. - ge si :62 Ge Phe 
4 
= + 7 
arn or 5-4 oe a ig a ae {ies 9 “4 P,861ciice ; 
. .s& 
~ = } 
dit gt o~- . Tir ine 473 TSii2 .2v teeF ocr Cer 


{as : TR PEs Se See Qe) Sees eS — sf. Scaeds _warre vee) aa 
8 ii al jie heabbodzer ue th eadis <a eae | 
| mw leainzeg, asters 

a0 sate af ee ne | 

dtu Cebteagts< 


> geile oF apt sap ed » | -_ ..~ -9 > 


‘<—. s'ee's ~~ 2249 0 . -¢ 


oe oe Le OD * eet ee | in; : a 


‘9 J, Ue Sime camaale. 


< 


reas » @2 6 asta 


% 


ree a oo : va, 


ras - a _ 
: ; = am a Se 
i” i 7 7 7 


THE UNIVERSITY OF ALBERTA 


Efficacy and behaviour of three new selective herbicides for 
grass weed control 
by 


Rakesh Jain 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH 
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE 
OF Master of Science 
IN 


Weed Science 


Plant Science 


EDMONTON, ALBERTA 


Sparndelloc 


Abstract 

Three new herbicides, BAS 9052 OH, TF 1169, and DOWCO 
453, were evaluated for their efficacy and behaviour on 
annual and perennial grass weeds both in the field and in 
the greenhouse. All three herbicides provided effective 
control of wild oats, green foxtail, and volunteer barley at 
a range of growth stages. The efficacy of the herbicides, 
especially BAS 9052 OH and TF 1169, was dependent on weed 
species and the growth stage of the plants at the time of 
treatment. In general, the herbicides inhibited growth 
faster when applied at an early growth stage than at an 
advanced growth stage. 

Herbicide injury symptoms were characterized by 
inhibition of growth and by chlorosis on leaves. Young and 
actively growing tissues were affected first Stem 
elongation in wild oatS was inhibited within 2 days of 
treatment with BAS 9052 OH and within 5 days of treatment 
with SPF 91 7690HorepDOWEOLG453* TAbtthesesobservationrtimess 
rapidly elongating internodes showed a marked constriction 
near the base. These symptoms were followed by necrosis of 
the internode tissue in subsequent days. Histological 
examination of the affected internodes indicated that the 
herbicides inhibited lateral expansion and elongation of 
cells in the cortex and ground parenchyma regions. Herbicide 
injury symptoms in the anatomical structure appeared first 
in the peripheral regions of the stem tissue near the base 


of the’ rapidly ‘elongating internodes. Cells in the 
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epidermis, cortex and procambium were most sensitive to 
injury from the herbicides. Necrosis then progressed to the 
centre of the stem tissue and all cells in the internode 
were killed within 14 days of treatment. All three 
herbicides behaved in a Similar manner. It is proposed that 
the new herbicides affect growth in grasses predominantly by 
affecting cell division and cell elongation in rapidly 
elongating internodes. 

All three herbicides appear to be readily translocated 
from the site of application on the leaves to the site of 
action in wild oats and green foxtail. Placement of a single 
droplet of the herbicide emulsion at different sites on the 
leaves induced injury symptoms similar to those observed 
after spray applications. Placement of the herbicide closer 
to the leaf base was more effective than placement away from 
the leaf base. The activity of TF 1169 on wild oats was 
affected most by site of application. 

BAS #9052yOH appearsittovactwiaster sthansTF 1169 rorsDOWEO 
453. Wild oat leaf treated with a single droplet of BAS 9052 
OH emulsion had to remain attached to the rest of the 
untreated plant fomel0 hoursher *more togkulie sthetuplant. 
heafielireated withestF »hl69eioes DOWCO 4586 hadeeto remain 
attached to the rest of the untreated plant for at least 36 
hours *tojkeulivehe plant: 

The efficacy of the new herbicides for wild oat control 
was not reduced when they were applied in combination with 


DOWCO 290 for broad-spectrum weed control in rapeseed. BAS 
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9052 OH, when applied at a reduced rate in combination with 
other herbicides Such) as isbarban, “diclotop) methyl “or 
benzoylprop ethyl, also at reduced rates, provided as 
effective control of wild oats in rapeseed as when it was 
applied alone at the full rate. No injury to rapeseed plants 
was observed from any of the herbicide mixtures. 

All three herbicides provided good control of 
gQuackgrass grown from planted rhizomes. Evaluation of 
quackgrass regrowth in herbicide-treated plots in the next 
growing season indicated that the treatments with DOWCO 453 
were most effective in preventing regrowth. Barley grown in 
the herbicide-treated plots in the year after herbicide 
application iwas not aitected. “BAS "9052 0H ori, TF 1169. or 
mixtures of the two herbicides did not provide satisfactory 
control of established quackgrass in the field at the rates 
tested. 

In greenhouse experiments, all three herbicides were 
very effective in controlling quackgrass and preventing 
regrowth from rhizomes. Herbicides applied to shoots at one 
end of rhizome sections consisting of ten nodes inhibited 
Sprouting from most of the nodes, possibly due to 
translocations ofroithes Vherbigidess, fromiidthen shoot «to the 
rhizome system. Thus it appears that a potential may exist 
BOL selective control of quackgrasS with these new 


herbicides. 
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1. INTRODUCTION 

Annual grass weeds present a serious problem in 
broad-leaved crops such as rapeseed. Wild oats is the most 
Serious annual grass weed in the prairie provinces and 
estimates of total annual losses due to this weed in 1973 
vVeriedatnomes 126 maPlion-ctoas S00smidibrone(citedesinari19)< 
Green foxtail has become more prevalent in recent years 
(2,17,127) and can reduce crop yields when present in dense 
competitive stands (55,70,108). Volunteer cereals can become 
a problem where they are grown in rotation with rapeseed. 

Several control measures, both cultural and chemical, 
Reyegbéen developedecverwtheryearselorethercontroliofagrthese 
grass weeds (12). Until the mid-1970's, chemical control 
measures were mainly dominated by soil-applied herbicides. 
However, these herbicides have their limitations in terms of 
energy inpuUbSwOKR-inconsistemeysinecontrol jasraaesresult thot 
variations in climate and Soul S626, 023) wit Ehisthaes 
Particularly ft yerues lwitht -tebiluralane (58). Postemergence 
herbicides available before 1975 were restricted in their 
applicability because of the limited spectrum of grasses 
Goneuclled,methe s¢ritical staminganfiorrhspraysng) 9 or, their 
marginal selectivity towards crop plants (116,123). Barban 
and benzoylprop ethyl are examples of such herbicides 
(12,54,56). Diclofop methyl has proved to be very effective 
against some grass weeds but it does not control volunteer 
cereals (30,59). Also, its activity may be reduced Paden 


unfavourable environmental conditions such as low 
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temperature and drought stress (42). 

The advent of the new grass herbicides, BAS 9052 OH, TF 
1169, and DOWCO 453, holds considerable promise for highly 
selective, postemergence grass weed control ina variety of 
broad-leaved crops. The objectives of the present study were 
to evaluate the efficacy of these new herbicides for wild 
Oat, green foxtail, and volunteer barley control in rapeseed 
at a range of growth stages of weeds/crop and to investigate 
theisite and naturetofrtheirihphytotoxic Yactavityt inrowild 
Sauseand their translocation from the site of application on 
the leaves to the site of action in wild oats and_ green 
foxtail. Since the new herbicides are active only against 
grass weeds, a combined application of these herbicides with 
DOWCO 2907, a selective postemergence herbicide for 
broad-leaved weed control, also was tested with a view to 
obtaining broad-spectrum weed control in rapeseed with a 
single: application, Maxtures, “of | BAS <9052 OH with “other 
herbicides for wild oat control were tested to improve the 
efficacy of the hérbicides for wild oat control. 

Quackgrass is a troublesome perennial grass weed that 
Spreads by means of both seeds and rhizomes (8,70,129). 
Control of this weed until recently was largely dependent on 
cultural control practices such as repeated tillage. The 
introduction of glyphosate has encouraged quackgrass control 
by chemical means. However, glyphosate is non-selective, 
hence it must be applied in a non-crop year or in the spring 


before Seeding or in the fall after harvest. Spring and fall 
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applications of glyphosate in Western Canada are restricted 
by a short growing season. The present investigations were 
conducted to examine the efficacy of the new grass 
herbicides for control of quackgrass in the field. The 
viability of rhizomes following foliar applications of BAS 
S052re0H)}s TRoeit694 tandshDOWCO (453 ¢wasytestedprboth!insthe 
greenhouse and in the field, to examine the translocation 
behaviour of these herbicides in quackgrass and their 
ability to prevent regrowth in the subsequent growing 


‘season. 
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2. LITERATURE REVIEW 

BAS 9052 OH, TF 1169, and DOWCO 453 are new herbicides 
developed in Canada for selective, broad-spectrum grass weed 
control in a variety of broad-leaved crops. The present 
discussion summarizes the information available in the 
literature regarding the chemical and physical properties of 
the new herbicides and their behaviour in plants as well as 
the biology of the grass weeds - wild oats, green foxtail, 
and quackgrass. A knowledge of the growth characteristics 
and anatomical structure of wild oats 1S important to an 
understanding of the effects of the new herbicides on _ the 


morphology and histology of this weed species. 


2.) BAS 9052-0 


2.1.1 Chemical and physical properties 

BAS 9052.0H" [(2=(1-(ethoxyimino)butyl)-5-(2-ethylthio) 
propyl)-3-hydroxy-2-cyclohexene-1-one] is a new herbicide 
being developed in Canada by BASF Canada Inc. (3). The 


chemical structure of the active ingredient is as follows: 


‘The proposed common name for this herbicide in Canada and 
Ehe UpSPA lis “sethoxydim*.. 
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BAS 9052 OH is ae liquid emulsifiable concentrate 
formulation containing 184 g active ingredient per litre. 
The active ingredient is an odourless, reddish brown, oily 
liquid that is poorly soluble in water (24.5 ppm at 25°C) 
but freely soluble in several organic solvents. It is a low 
volatile compound with a vapour pressure of 1.3 X 10°? kPa 
at 202¢5h3673) 2 

The herbicide has a low toxicity to all plant and 
animal forms tested except for target grass species. The 


acute ioral: LD,, onirats is 2000 to 5000 mg/kg (3,73). 


2.1.2 Efficacy and selectivity 

BAS 9052 OH has shown excellent potential for selective 
postemergence grass weed control in a variety of 
broad-leaved crops. It has exhibited some preemergence 
activity, however, its persistence in soil is very short due 
to. its rapid breakdown in soil (73). The half-life of BAS 
9052 OH was estimated to be 4 to 5 days in loamy sand at pH 


6.82 and saliardays*® im’ aploamesoil tat «pH! 7544 -Consequently,; 
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preemergence activity of BAS 9052 OH was not considered 
adequate for grass weed control (3). 

Results of extensive field trials in Canada have 
indicated that this herbicide can be used safely in 
rapeseed, flax, soybeans, and sSugarbeets at nearly all 
Stages of growth (3,104). Effective control of a variety of 
annual and perennial grasses, including volunteer wheat and 
barley, has been obtained at a wide range of growth stages 
and environmental conditions (48,113). Barley was most 
tolerant and green foxtail was most susceptible among the 
annual grasses tested (48). Reports of excellent selective 
control of many other grass weeds by BAS 9052 OH in various 
broad-leaved crops are also available from several other 
countries (26,44,64,104,134,135). 

Repeat applications frequently were required for 
perennial grass control depending on species, stage of 
growth, and environmental conditions (71,74,84,104,135). 
Established stands of perennial grasses, including 
Quackgrass grown from rhizomes, generally required higher 
rates of the herbicide than new growth from Seeds 
G20e67 , GOTO 4) = In established stands of quackgrass, 
cultivation 2 or 7 days after emergence did not affect the 
level of control obtained (74). 

The stage of development of grass species at spray time 
affected the efficacy of BAS 9052 OH (28,104). Applications 
of the herbicide at an early (2- to 4-leaf) growth stage of 


some annual grasses were more effective than applications at 
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a late (4- to 6-leaf) growth stage (28,64,67,84,98). Control 
of annual grasses generally was ineffective at the heading 
stage (64,98). However, in the case of perennial grasses, 
applications from the late boot to the early seed-fill stage 
poevidedyobettereninitial |%and  \regrowth* *control ‘than*edid 
Ganliventtcrearments tG6670104 5135035 x 

The addition of an oil or oil concentrate (mixture of 
oil and surfactant) to the final spray volume frequently 
increased the activity of BAS 9052 OH (48,104). Chow (29) 
reported that the addition of a non-ionic surfactant such as 
Atplus 411F (17% polyoxyethylene sorbitan fatty acid ester 
in mineral oil) at 0.5% (v/v) of the spray volume increased 
pheotherbrerdals\ activirty S\oh ¢BAS@9052 70H (on iwrldboats<t iThe 
addition of ammonium sulfate in combination with the 
surfactant further increased the efficacy of the herbicide. 
Additional reports from field experiments have confirmed the 
effectiveness of Atplus 411F as an adjuvant with BAS 9052 OH 
on various other grass weeds (28,48,135). 

Efficacy of BAS ©9052 OH generally was greatest under 
moisture conditions that were favourable for plant growth. 
Under conditions CPeadrcughtntstréess phnactiuviuty “Lobrgthe 
herbicide was reduced, particularly at advanced growth 


Stages of grasses (28,84). 


» 
a 
= 

: 

A 

| 
oa 
ro 
= 
: 
, 


a b3.88): eess8 civerey, (Yeek-d of ag 


* : 


/ 


‘heen sft. °\ 3h avPinstiant 2asw wi fszsraep ze G28 


{ 


Rae STE STNG FO SERCH GT AE 4 + Re Pee, 


seste [lli-bess viwee ender sovdaepnt ag? meas epi 
BED ER formes - LivarySss K- PS22 $i Tek SS 


a he a7 I Siti £O\ Wels bay a ai? Of -24egaet eee 


goat) a 15 +f MWiekt ha KEY a ” “WS Vy 4 ra on7 4 


wahe@elotve cinere den éLiscsanetetihe sie sado 8 


ea Bise Ni7st isdldIse soit tegyoiete’*)-). We oa 
a | | an 
SP 3. 0Tr 3] ( YS9q2 Px, yh fia wo t (hoe inie a 4 
7 i A, 
y ” 7 d : : \} ie - 
pb (BS MO. Cut - ao ae 2 AF bh “Pg f é eB been ’ of 


ay Avaw L dents Peat Kg ane mF OME . Tey Net 
ih ie yee ont} 1 2 1. sit? eae aA 673.74 fp inetoe ts : 
ots bowtt depo aved -aonenis stye biel) wow adseges bene 
‘ Y ! ‘ 


a SOY CSG ti Tow Se reel PE. bin DAs bei 


(GS? Oh Ot) 20¢08 stirs: oenfor. epee 
7 


whnt i2et~esko wher giieietiee to Mate) 2h4 2 a0 y saci oar ! a 


wwe io. snake aah sldengevs! evev gee 2riois lén]os eros Rte” 


OAD 10. “4mivigen yersitia erent. $e enolilpnes sobnt 


ai 
—_ | 


i P | : 
iiawos> Saheb 76 7iselus! 3185 bacuhs 4 anu &. . an 


ib, BS) smeenre So 


1 
+ 
’ 


~ 
; ‘ 
5 
; 41 
e J 
silt an 
—— 
1‘ » a i e 
j 
a 


Eg’ 


2.1.3 Physiological behaviour 

Available information on the translocation 
characteristics» of | BAS»,.9052 0H has indicated that the 
herbiérde ispitranslocated!’stoy alleoplant: .partse following 
foliar Nepiee aaens (74,113,124). In«quackgrass; ‘'‘*C-labeled 
BAS 9052 OH moved through the rhizomes to daughter plants. 
These results were consistent with the effects observed on 
quackgrass in the field (23). , 

The absorption of BAS 9052 OH through the leaves of 
barnyardgrass [Echinochloa crus-galli (L.) Beauv.] was 
rapid, with 90% of the applied herbicide absorbed within 12 
hours or less. Negligible amounts of BAS 9052 OH were 
absorbed through the roots as compared to foliar absorption. 
No major differences in absorption and translocation were 
evident in susceptible and resistant species (23). The 
selectivity of BAS 9052 OH was attributed to factors such as 
rapid metabolism and exudation of the herbicide through the 
roots in broad-leaved plants (124). 

BAS 9052 OH has been observed to affect the 
meristematic tissue in above and below-ground parts of 
grasses (104,125). Treated plants of johnsongrass [Sorghum 
halepense (L.) Pers.] and itchgrass (Rottboellia exaltata 
L.F.) stopped growing and developed visible necrosis in the 
meristems within 72 hours of treatment. Cells in this region 
showed a Vack™ offmitotic figures (78). in corn seedlings, 
BAGRECHEDMLON) intibitedsethe sinitiation. and growth of 


adventitious roots and caused swelling at the root tips (7). 
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Chandler sand Paul (27) reported that BAS 9052 OH did 
not affect the cross-sectional area of the vascular bundles 
in the leaf tissue of treated bermudagrass [Cynodon dactylon 
(L.) Pers.] plants. The primary effect of the herbicide on 
the leaf tissue occurred in the mesophyll cells. Mesophyll 
cell mitochondria showed a loss of matrix density and of 
some internal membrane organization following application of 
the herbicide. Bundle sheath cells were not affected by the 
Bereatlments. 

Gealy and Slife (60) observed an inhibition of 
photosynthesis and transpiration in treated corn leaves. 
Tétal BAchlorophyll* content vin ethe Yleaves "was reduced, 
possibly todtiepeto Shinkibtticen 4 Yofechlorophylissynthesis ,(7)x 
However, Hatzios (65) reported that photosynthesis was not 
Significantly affected by BAStFI9US24£2OH), anProvein<tand 
ribonucleic acid (RNA) synthesis were affected only .by the 
highest concentration (100 ywM) of the herbicide tested. 
Lipid synthesis was the most sensitive of all the metabolic 
processes examined and was inhibited by all concentrations 
(0.1 to 100 pM) of BAS 9052 OH following treatment for 60 to 
120 minutes. It was suggested that BAS 9052 OH could bring 
abcuurenesviphytctoxic Uracvron by altering the lipid 


composition of plant membranes (65). 
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2.1.4 Herbicide mixtures 

BAS 9052 OH is ineffective against broad-leaved weeds. 
Pearson (104) suggested that the flexibility in application 
timing of BAS 9052 OH could allow for combinations of this 
herbicide with some postemergence herbicides Rens 
broad-leaved weeds to achieve broad-spectrum weed control. 

Several reports (49,50) from field experiments have 
indicated that the efficacy of BAS 9052 OH was not affected 
when Le was applied in combination with DOWCO 
290?(3,6-dichloropicolinic acid). Rapeseed was not injured 
by this mixture. However, other reports (49,50) indicated 
that BAS 9052 OH in combination with DOWCO 290 caused some 
injury to rapeseed, especially to the cultivar 'Tower', and 
reduced the seed yield of the crop. When BAS 9052 OH was 
applied cn combination with DOWCO 290 and _ benazolin 
(4-chloro-2-oxobenzothiazolin-3-ylacetic acid); wild oat 
control was reduced (50). No antagonism was observed in wild 
oat, green foxtail, and broad-leaved weed control when BAS 
9052 OH was applied in combination with the amine or 
potassium salt of MCPA (2-methyl-4-chlorophenoxyacetic acid) 
oni lateombinationsof propanil (3! ;4'-dichloropropiconani lide) 


and bromoxynil (3,5-dibromo-4-hydroxybenzonitrile) in flax 


2 A selective, postemergence, experimental herbicide being 
developed by Dow Chemical of Canada Limited, for the control 
of several broad-leaved weeds in crops such as rapeseed. 
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2.2 TF 1169 


2.2.1 Chemical and physical properties 

TF 1169° [butyl-2-(4-(5-trifluoromethyl-2-pyridyloxy) 
phenoxy)propanoate] is a new selective herbicide developed 
in Canada by Chipman Inc. This herbicide is being jointly 
developed all over the world since 1978 by Ishihara Sangyo 
Company and Imperial Chemical Industries Limited under the 
proposed common name fluazifop butyl (81). The chemical 


structure of the active ingredient is as follows 


CH 

F3C ¢ O OCHCOO(CH,),CH 

3 2)3©"3 
N 


Kimura et al. (81) suggested that the substitution of 
CF, at the S5-position of the pyridine ring of TF 1169 was 
important in  ienecna its herbicidal and translocation 
ability in grasses. 

TF 1169 is formulated as a liquid emulsifiable 
concentrate containing 250 g of active ingredient per litre. 
The active ingredient is a low-volatile compound with a 


Vapour, %btessiine of fiSeSy xoti0T? ikea wat: G20%CGeniteastan 


>This herbicide is being developed under the code name PP 
009 in other countries. 
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odourless, light-straw-colored liquid that is poorly soluble 
in water (2 ppm) but freely soluble in many organic solvents 
(106). 

The herbicide and its major metabolites have low 
Memmalaan Stoxicity: UThe® acute oral®LD?%) and dermal LD,;, to 
ratS were approximately 3000 mg/kg and more than 5000 mg/kg, 


respectively (4,106). 


2.2.2 Efficacy and selectivity 

Extensive field trials have shown that TF 1169 can _ be 
used safely in over 60 different temperate and tropical 
broad-leaved crops for highly selective grass weed control 
over a wide range of crop/weed growth stages and 
environmental conditions (52,81,106,117). Soybeans sprayed 
after emergence and at the flowering stage were not affected 
by rates as high as 3 kg/ha (114). Excellent and consistent 
postemergence control of annual grass weeds was achieved at 
rates of 0.125 to 0.5 kg/ha. Perennial grass weeds required 
Oe5etto (260 ‘koVYhaqwofit ptheltherbicidesfor.effectiveeontrol 
fae S15 060e 

In general, TF 1169 provided better control of annual 
and perennial grass weeds than BAS 9052 OH (64). Some 
reports, however, indicated that TF 1169 was less effective 
on 'barnyardgrassthandpegreenivtoxtails than “BASE 9052 OH 
(41,47,98). The efficacy of TF 1169 was dependent on the 
sfagenor quowth?oflannual#grasses’at thettimesVofretreatment 


(98). Higher rates of the herbicide were generally required 
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to control grass weeds at an advanced (4- to 6-leaf) stage 
than at an early (2- to 4-leaf) stage (41). TF 1169 at rates 
UpentoAnO,6erokg/hagtdids notdcentrol (annual grasses such as 
Qiant foxtail (Setaria faberii Herrm.) and barnyardgrass 
that were older than the 5-leaf stage (98). 

TF 1169 has been particularly effective against 
perennial grass weeds including quackgrass and johnsongrass 
(32,33,52). Anderson (47) reported that treatments with TF 
iG 9emateOcS5ekq~haloramoreson quackgrassratethes3- tord-leagt 
Stage were as effective as glyphosate [N-(phosphonomethy]1) 
glycine] at 1.5 kg/ha. Treatments applied at an advanced (4- 
to 6-leaf) growth stage of quackgrass were more effective 
than treatments at an early (3- to 4-leaf) growth stage 
C47 ).3 

Several reports have indicated that fragmentation of 
the perennating organs of perennial grasses before treatment 
improved the efficacy of TF 1169 and resulted in better 
control. Higher rates were required for the control of 
growth from unfragmented rhizomes (33,47,50,117). However, 
with increased cultivation, where plots were  rototilled in 
the spring after ploughing in the preceding fall, treatments 
witht (Fe 1469erestltedt inspoortcontrol of quackgrass (47). 

Theuraddition “oflardeafcwetting surfactant ~Agral 904; 
atro. 1%ele/v) ofa thelsprayovolumesf orhanmoideconcentraterszat 
2.640 eL/hat into - thes sprays solution! generally. amproved the 
Siftiroacva LOtemirt tie 69fe4, 32; 0G)he Unders favourablepssoil 
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moisture conditions for plant growth, the hérbicide provided 
more effective control of johnsongrass growing from rhizomes 
than under drought stress conditions (33,47). 

TF 1169 is primarily a postemergence herbicide. It was 
reported that it could also be applied to the soil as a 
preemergence or preplant incorporated treatment. However, 
when applied to the soil, higher rates were required to 
achieve the same level of control as that obtained with 
postemergence applications G32); Persistence of the 
herbicide in soil was short, 3 to 6 weeks in the field 
depending on soil temperature and moisture conditions. Cold, 


dry conditions prolonged persistence of TF 1169 in soil (4). 


2.2.3 Physiological behaviour 

TF 1169 was translocated in both the xylem and the 
phloem following postemergence applications (106,114). It 
was Suggested that the herbicide was absorbed through the 
leaves and translocated in the phloem to the rhizomes in 
quackgrass and johnsongrass (8 4a).. Translocation into 
johnsongrass rhizomes occurred much more rapidly in plants 
growing under favourable soil moisture conditions than under 
moisture stress conditions (110). 

Kimuna etral ne 084) treportedethat TEP STI69S movede@smuch 
more readily in the stolons of bermudagrass than other 
Dbinanslocating” herbicides including glyphosate. De 
enhubieedmesprouting. scemy’ alle thewaiodes jon y the *stolon, 


whereas glyphosate did not prevent sprouting from nodes 
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beyond the fifth one from the treated part (81). 

The action of TF 1169 on grasses is slow, especially at 
low temperatures (4,81,106). Injury symptoms in’ susceptible 
plants usually were not evident until a week after 
treatment, although growth ceased within 48 hours of 
application. The characteristic symptoms were chlorosis 
followed by necrosis on young leaves and accumulation of 
anthocyanin in old leaves. Meristematic tissue in the nodes 
and growing points became necrotic. ‘This initial” loss ‘of 
vigour, and the senescence of young leaves and meristems, 
later spread to the whole plant and death was usually 
complete within 3 to 5 weeks of treatment (4,81,106). It was 
suggested that TF 1169 adversely interfered with adenosine 
triphosphate (ATP) production in susceptible plants (106). 

The selectivity of TF 1169 was believed to be due to 
rapid degradation followed by conjugate formation in 
broad-leaved plants (4,106). The parent herbicide or its 
metabolites were not detected in potato and sugarbeet 


samples 12 weeks after treatment (4). 


2.2.4 Herbicide mixtures 

Te 1169, when applied in combination with some 
herbicides for broad-leaved weeds, provided excellent 
broad-spectrum weed control without causing injury to crop 
plants (40a 14) However, tank-mix applicatvons of TE) 11169 
with benazolin and DOWCO 290 caused injury to rapeseed 


(4,47). In some instances, antagonism in weed control was 
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observed when these herbicides were applied as a tank 
mixture (47). A reduction in grass weed control by TF 1169 
was also observed when it was applied in combination with 
MCPA, but to a lesser extent in combination with 
bromoxynil/MCPA (1:1) (4). 

It was suggested that crop damage resulting from the 
use of TF 1169 in tank mixtures with various herbicides for 
broad-leaved weeds could be eliminated by applying the 
herbicides sequentially with an interval of 5 to 7 days 


between sprays (4). 


2.3 DOWCO 453 


2.3.1 Chemical and physical properties 

DOWCO 4535 [methyl 2-(4-(3-chloro-5-(trifluoromethy1l) 
-2-pyridinyl) phenoxy) propanoate] is a new selective, 
postemergence herbicide being developed in Canada by Dow 
Chemical of Canada, Limited. The chemical structure of the 


active ingredient of this herbicide is as follows: 


CH, 
F3C i \ O OCHCOOCH, 


‘> The proposed common name of this herbicide in Canada is 
"haloxyfop methyl’. 
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DOWCOsoSS3eeisoniormulated as av liquid! emulsifiable 
concentrate with 240 g active ingredient per litre. The 
solubility in water of the active ingredient of DOWCO 453 is 
0.84 ppm. It appears to be a low-volatile compound (5). The 
herbreidessshowedppvery! little leaching in soil, suggesting 
Strong adsorption of the herbicide to soil organic matter 
Cho 

DOWCO 453 has a low acute toxicity to animals. Acute 
oral LD;,. values in female and male rats are 2178 mg/kg and 


2397 mg/kg, respectively (5,6). 


2.3.2 Efficacy and selectivity 

DOWCO 453 has exhibited excellent herbicidal activity 
against most annual and perennial grass species in the 
field. Effective postemergence control of annual grasses was 
obtained at rates as low as 0.07 to 0.28 kg/ha. It also has 
some soil residual activity for the CONE EO] of 
later-germinating grasses. However, the persistence of the 
herbicide ‘in S®soill was® Short, with a Half-life “of “about 4 
weeks (5). All broad-leaved crops tested showed high 
poveranee? toBmSsDOWCOD45S3 005673847 50,121) Regent 'Fapeseced 
sprayed at the 6- to 7-leaf stage and Candle rapeseed 
Sprayed up to early bloom stage were not injured by high 
rates (0:30 kg/ha) vof the herbicide (50). 

Results of experiments on quackgrass control with DOWCO 
453 indicated that the herbicide provided effective control 


Ofetthisavperennial “weede over a ‘range “of growth ‘stages. 
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However fAblapplicathons at: bthede4- foto pr5cledf«.ustage» were 
generally more effective than earlier applications (38). 
Applications late in the season, at the early heading stage, 
did not provide effective control of quackgrass at low rates 
Coppi tko/ha) yof sapphicat tion 647): 

In general, DOWCO 453 was more toxic to grass species 
than BAS 9052 0H or TF 1169 at similar-rates of application 
(47,98). The efficacy of the herbicide was improved by the 
addiutron ofsaénonzionic: surfactant ‘or ian oid (concentrate at 


25% uv sv) Sef the spray volume (5,6,121). 


2.3.3 Morphological and physiological effects 

DOWCO 453 was most effective when the weeds were young 
and growing actively. First herbicide injury symptoms 
appeared after a latent period of several days at which time 
shoot and root growth ceased. On barley, yellowing was 
visible 6 days after treatment. A mottled chlorosis became 
evident on the leaves and later spread to all plant parts. 
By 2 weeks after treatment, the plants wilted and died 
following tissue desiccation (5,50). It was suggested that 


DOWCO 453 was a 'photosynthetic inhibitor type’ herbicide 


CSM 


2.3.4 Herbicide mixtures 
DOWEO) 453") bike SAS. 9052 OHsand TF 1i69; "does not show 
any activity against broad-leaved weeds. Hence, several 


tests have been conducted to evaluate the compatibility of 
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DOWCO 453 with some herbicides for broad-leaved weeds to 
achieve broad-spectrum weed control. 

A tank-mix application of DOWCO 453 and DOWCO 290 at 
Suggested field rates of each herbicide showed good 
compatibility and provided effective control of grass weeds 
including wild oats and volunteer barley (47). The mixture 
did not cause any injury to rapeseed or to transplanted 
cabbage or cauliflower (47). In some instances, however, 
rapeseed yields were reduced following application of the 


maxtures4(50) 


2.4 Biology and Control of Wild Oats 

Wild oats (Avena fatua L.) is one of the most 
troublesome annual grass weeds of cultivated land in the 
three prairie provinces of Canada - Alberta, Saskatchewan 
andeManivtobart 1,119. 136)2 InwNoreh® “America; ‘wild oats is 
rated by far the most serious weed of almost the entire 
cultivated portion of the northern part of the Great Plains 
region. The total area infested with wild oats in Canada and 
the United States in 1970 was eStimated at over 26 million 
hectares (95,136). 

Wild *oats) is particularly adapted “to sgrow im arable 
land (136). Pavlychenko and Harrington (103) reported that 
wild oat plants have geod “competitive ability beesuse of 
their rapid Gate nob sgrowth, “the extent and natural 


distribution of the root system, the rate and extent of 
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germination, and their seed persistence. They can markedly 
reduce the yield of rapeseed (40), wheat (14,20), barley 
(14), and flax (13,20). Friesen and Shebeski (55) estimated 
the economic loss in cereal crops for Manitoba alone in 1960 
BopbenZ23emadlionkbushelse*ofs gran; yvalued: jat 6324 omillion 
dollars. 

Wild oats is a highly persistent weed that is sometimes 
poorly controlled by cultural and chemical means. Seed 
dormancy and irregular germination throughout the growing 
season are the most important features contributing to its 
persistence COCA Oru iae a IG 1 26 “bo2, 1337 1 Sby. Several 
preemergence and postemergence herbicides have been in use 
for selective control of wild oatS in various cereal and 
broead-teavedicrops (12)57,615101,116). However, according to 
Holroyd (1976), none of the available herbicides satisfied 
all conditions for an ideal "wild oat" herbicide (cited in 
Wome In rapeseed, tritivraden (a, a, a-erif tuore-2°6 
ZdiNaeroaN ,N-Gt pLopy.—patolurdine)) a preplant soil 
incorporated herbicide, has been used extensively in Western 
Canada. The performance of this herbicide, however, has been 

inconsistent, presumably due to variations in environmental 
conditions Sern Ge leon Barban (A—chloro=2—butynyi- 
m-chlorocarbanilate) and benzoylprop ethyl 
[ethyl-2-N-benzoyl- N-(3,4-dichlorophenyl)-DL-alanine] are 
applied postemergence to the weed but they have their 
limitations in terms of timing of application. Barban is 


most effective when it is applied at the 2-leaf stage of 
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wild oats (12,56,116); benzoylprop ethyl is most effective 
at the 3- to 5-leaf stage of the weed (12,119). Benzoylprop 
ethyl also has only marginal selectivity towards rapeseed 
(24). Diclofop methyl [2-(4-(2,4-dichlorophenoxy) phenoxy) 
propanoic acid] has proved to be very effective against wild 
oats in rapeseed (12,30), but its efficacy was reduced under 
unfavourable environmental conditions for plant growth, 
especially under high temperatures and duoughe stress 


eenastions’ (42). 


2.5 Biology and Control of Green Foxtail 

Green foxtail (Setaria viridis (L.) Beauv.) is an 
annual grass weed of cultivated areas and waste places that 
has become more prevalent in recent years (2,17,127). 
Surveys conducted by Alex et al. (2) in the three prairie 
provinces during 1963-67 indicated that the weed was most 
frequent in Manitoba, less so in Saskatchewan and least in 
Alberta. 

The recent spread of green foxtail as a weed in Western 
Canada has been attributed to the widespread use of 
selective herbicidessfor®theacontrol¥ofrwild® oats andoSathe 
broad-leaved weeds. This allowed green foxtail to occupy the 
niche previously occupied by other weed species (17,108). 

Green foxtail has a relatively low competitive ability 
except in severe infestations (S5ud08e127) . This was 


attributedsin part to greaterodependence of green™foxtail‘<on 
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soil temperature and moisture conditions for germination and 
growth in the spring than most field crops (2,16,17,127). It 
required relatively high soil temperatures (15 to 35°C) for 
germination. This gave the crop plants, such as wheat, a 
competitive advantage over late-germinating green foxtail 
(16,127). Growth of green foxtail plants also was severely 
restricted at reduced light intensities such as under a crop 
canopy (127). The weed did not compete strongly with 
rapeseed (90,91). 

Late germination of green foxtail makes cultural 
Practices Smostilylvineftectivectoricontrolrto7imeTraiiuralin 
has provided good selective control of green foxtail in 
rapeseed (57). Diclofop methyl also has been recommended for 


Bhereontrobeot green foxtaileinethisecropr (64). 


2.6 Biology and Control of Quackgrass 

Quackgrass (Agropyron repens (L.) Beauv.) is regarded 
as one of the worst weeds of arable land in temperate 
regions Hof che -tworldr (8.02) in Canadameit foccurs inwa ls 
provinces and the Northwest Territories. It 1S especially 
common in southeastern Canada, where it was. probably 
imtroduced, from Burope: insthe A7th century (707 1290e 

It is a perennial grass weed that spreads by means of 
seeds and rhizomes; propagation by means of rhizomes is most 
common in cultivated fields (102,134). The rhizomes 


Generallysoccur atza Shallow depth, 15 to 20 cm, in the 
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ground and can grow laterally up to 1m in length (102,129). 
The seedlings uSually are able to initiate rhizomes when 
they reach the 4-leaf stage of growth with 1 to 2 tillers 
(130)s- In. general,|»the plants «are most active*in sexual 
reproduction and rhizome formation in the middle of the 
summer, and in tillering and photosynthesis in spring and 
autumn (63,129). 

Conceivably, every mature rhizome bud is capable of 
establishing a new plant. However, most buds along an intact 
rhizome are dormant and do not initiate any growth. Such 
dormancy is readily broken by cutting the rhizome, but it is 
quickly reestablished by the first bud that develops on the 
new rhizome piece (62,70). An increase in the number of 
aerial shoots was noted when the rhizomes were cut into 
small pieces (62,129). 

Rapid growth coupled with vegetative reproduction, 
competition for nutrients, moisture and light and possible 
allelopathic effects on other plant species make quackgrass 
a troublesome weed in many crop situations (70,129,130). 

Periodic and intensive tillage was the only practical 
GCOnELGins - for quackgrass before the iNnvnroductl on of 
glyphosate, since herbicides that were effective againee 
quackgrass, TCA (trichloroacetic acid) and dalapon 
(2;2-dichloropropiomic Yvacid);, were too “expensive or too 
Ung UnLOUS set O seCrOpme plants 1 -G18,35, 36,57). 8 Glypnosate «has 
proved to be a very effective herbicide for quackgrass 


Conenol mibuemit is®non-selective. It must be applied in a 
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Eallow®year} on prioretoeplantingnor after harvest in the 
case of application in a cropping year (8,25,39,69). Spring 
SneerialtieVappivcatriont ofe@sgiyphosate lingrWesternehCanaday 
however, is not always possible due to the short growing 


season. 


2.7 Structure and Growth of Wild Oat Stems 


2.7.1 General morphology and growth 

The culm, or stem, of wild oat plants resembles that of 
Satu (Avena Sativa Lb.) “plants. It “consists of several 
internodes of which the basal internode is the shortest and 
each successively higher internode is longer than the one 
below it. The uppermost, or the last, internode (peduncle) 
is the longest (19,80,97). 

Elongation of the internodes usually begins in the 
fourth internode from the base in oatsS and proceeds in 
acropetal succession. Usually three internodes are in the 
process of elongation at the same time. The basal one of the 
three may be completing its development when the next one 
above it is about halfway through the process and the third 
is beginning to elongate. Panicle differentiation and 
internode elongation begin at the same time, but the major 
development in the ssaze™ of the panicle “occurg@ias the 


peduncle elongates (19). 
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2.7.2 Mechanism of stem elongation 

The “internodes cof oat plants exhibit a prolonged 
intercalary growth that does not occur in organs such as the 
coleoptile where the dominant component of growth is cell 
elongation (80). Kaufman et al. (80) demonstrated that 
during internodal extension in the Avena internode, . 
intercalary meristem activity was localized in the base of 
the internode, with predominant cytokinetic activity 
occurring in the lower portions of the epidermal and outer 
ground parenchyma systems. Kaufman and Cassell (79) observed 
many different stages of mitosis in the cells of the 
intercalary meristem just above the nodal plate. 

The intercalary meristem of oat internodes consists of 
parallel rows of isodiametric initials which give rise to 
differentiated elements both above and below the intercalary 
meristem zone (80). All the tissues of the internode 
differentiate and develop from the top downward 
(basipetally). As a consequence, during internode elongation 
there is meristematic and immature tissue at the base of the 
internode beneath the mature tissue at the top (19). 

Cell division and elongation appear to be overlapping 
processes during the earliest stages of internodal 
development in oat plants (80). However, cell division does 
not eontinue throughout i*the growthtiinoulength  nofr the 
internode. The intercalary growth that occurs during the 
latter two thirds of linear extension of the internode is 


growth. bylcell elongation (79780). The epidermaleycells of 
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Avena sativa were observed to elongate to 20 or 30 times 
their initial length during extension growth of the 
internode. The greatest amount of cell elongation occurred 
in the basal portion of the internode (79). The diameter of 
the internode increased first by periclinal cell divisions 
in the internode periphery, in narrow zones just beneath the 
epidermis, and finally by cell enlargement (19). 

Cell lengths vary with the position of the internode. 
In varieties of winter wheat differing in plant height, an 
inverse relationship existed between the lengths of 
parenchyma cells and culm internodes (97). The longest 
parenchyma cells occurred in the shortest (lowest) 
internode, and parenchyma cell length was less in each 
Successively higher and longer internode. Generally close 
agreement between parenchyma and epidermal cell lengths was 
observed in corresponding internodes. It was suggested that 
the greater lengths of successively higher internodes of the 
culm were associated with an increase of equal or greater 
magnitude in the number of parenchyma and epidermal cells 


contributing to the length of the internodes (97). 


2.7.3 Anatomy 

In Avena stems, the vascular bundles are generally 
arranged in two Ginc les: A continuous cylinder of 
Seterenchyma: ~oceurse close €0, the periphery. The outer 
smaller bundles are entirely surrounded by this mechanical 


tissue. The inner ring of vascular bundles is composed of 
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large vascular bundles surrounded by thin-walled parenchyma 
cells (ground tissue). The pith often breaks down, except at 
the nodes (19,82,89). 

A section taken from the base of wild oat stem usually 
appears surrounded by a foliar sheath. The central lacuna 
may be reduced or completely covered by the parenchyma cells 
(pith cells) (82). The third, fourth, and higher internodes 
in Avena all have typical collateral vascular bundles. The 
peripheral and inner rings of vascular bundles are clearly 


delimited (19). 
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3. MATERIALS AND METHODS 

The three herbicides used in these studies were the 
emulsifiable concentrate formulations of BAS 9052 OH (184 
oP Gh thes 1 7620N250. g/L) \Zand DOWCO 4532 (2806q/L)6-A11 
treatments with BAS 9052 OH and DOWCO 453 were applied with 
the adjuvant Atplus 411F* (Atkemix Inc., Brantford, Ontario) 
at 0.5% (v/v) of the spray volume and all treatments with TF 
1169 ese applied with the adjuvant Agral 90’ (Chipman Inc.) 
at 0.1% (v/v) of the spray volume. The grass species tested 
were green foxtail (Setaria viridis (L.) Beauv.), wild oats 
(Avena fatua L.), barley (Hordeum vulgare L. cv. Galt) and 
quackgrass (Agropyron repens (L.) Beauv.). The test crop was 


rapeseed (Brassica campestris L. cv. Candle). 


3.1 General Procedures 


3.1.1 Field experiments 

Nine field experiments were conducted during the spring 
and summer of 1980 and 1981 at two different sites on the 
Ellerslie Research Station and in a farmer's field 8 km 
southwest of the Ellerslie Research Station. The 
experimental area lies in the Black Chernozemic soil zone®. 
Detailed information on the type of soil at each site is 
presented in Table 1. 


‘17 % polyoxyethylene sorbitan fatty acid in mineral oil. 
790 % alkyl phenol ethylene oxide condensate. 
SoomlomormCcanada, VOl. lpeso1l Report, 19772.Can. Dept. of 
Agr ies: dOptawa s<p.8106- 
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Table 1. Information on experimental sites. 


Site Soil O.Me Sand (Stl te Clay pH 
texture % % % % 

NOECHTEVR, SeTaLoam 1238 3982191401 424119.6 6.3 

South E.R.S. Silt loam 10.9 20.01 oe Ula ene) 6.4 

Farm. field Silt loam 10.4 34.09 4950 91738 6.9 


+ Ellerslie Research Station. 


The plots were arranged in a randomized complete block 
design with four replicates in all experiments, except one 
in the farmer's field, where the treatments were replicated 
only three times. Wild oats (40 kg/ha) and barley (65 kg/ha) 
were seeded at a depth of 4 cm with a press drill with 15-cm 
row spacing. Green foxtail (11.1 kg/ha) and rapeseed (6.7 
kg/ha) were seeded at a depth of 2 to 3 cm with a V-belt 
seeder and an experimental plot seeder, respectively, in 
rows 23 em apart. The crop rows were seeded from the front 
to the back of the plots in all experiments requiring a 
crop. Wild oats, green foxtail, and barley were seeded at 
right angles to the crop rows. 

Herbicide treatments were applied with a bicycle-type 
plot sprayer fitted with TeeJet 8001 nozzle tips delivering 
pOOvny~hagofesprayivolumegat 2yGm kPacapressure.” [thes vspray 
angle was adjusted to 45° forward and the nozzle height to 
50 cm above the target to achieve thorough and uniform 
coverage of the grass weeds. 

Visual observations on the effectiveness of the 


herbicides on weeds and on the tolerance of crop plants were 
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recorded several times through the growing season. Weed 
plancteevereyratednivoneata +ScalesStof POtsStol29 tin lorder of 
increasing -herbicide injury. “A score’ ‘of 0 indicated no 
effect while a score of 9 indicated complete kill. The crop 
plantStawere “ratéd@ion. ae Scaled ofti9 *tored Tneordervo£ 
Pncreasing herbicide injusysGa NscoreNuof e9t indicated’ ono 
effect while a score of 0 indicated complete kill. At the - 
time of crop maturity, weed culm counts and shoot dry 
weights and crop yields were recorded from an area of 0.9 m? 
in each plot. The data were subjected to statistical 
analysis by analysis of variance and the means were compared 
at the 5 percent level of significance by using Duncan's New 


Multiple Range Test (43). 


3.1.2 Greenhouse experiments 

The effieacy and tbehaviourvofeBAS’ 9052°0H) TF MW69e.and 
DOWCO 453 on green foxtail, wild oats, barley and quackgrass 
were studied under controlled environmental conditions in 
the greenhouse. The temperature in the growth compartments 
was maintained at 16 to 20° C during the night and 20 to 24° 
€uaduringt ehemuday ’o'Daylengthv¥-wasrextendedvVrovis hours by 
providing eee tee light from incandescent lamps. The 
average photon flux density was 300 ypE.m™*.s”~', aS measured 
with a Li-Cor quantum meter’. The relative humidity was 40 
to 60 percent. 


"EMoOdellLi-165; Lambda Inst. Corp., Lincoln, Nebraska. 


RE 


tia? ,weesee peiwoipe a4 dovosde 4 awe et aaa 


tn. 2abao. cad. O.Se oe es a Loe ‘. ih ia es wen i ; 
He Seseii0r 0 Fo SHORE oA ora) opie pat ghtan 
Goto sat {itr 5 Negaaenes Bese sing 2 a6 ae 2 § ee 
in “ab30 - o en 8 iy I< PLEGe? a THe Hee" Pore 
wt Bagawhbat 00 46> ota, oA eer ae ants Siyiau’ end 
whe. FA: PRIM oi aTernn oy agen ad Fh. 2 B82 a attoiw 
ish 2oehe, baw « 2ynuno mls ieee er ae ee 0 ' : 
it Bos Shona iw Eye see Na set kb la f 

vi Jmiipte od Pesoerees. (Sew Pers way s0Rg wie 

VASO S ss lo4. Aeon Bit yaw ot hat ee oe sf Seay RP 


wie { i. Lye i roau oe Site: - -@8 . 7a ia e Tie 104 “ 


«AE gett ‘ome 


| 2) pin erwieds odiscdinmaiell “ss i 
Bae, Fa} ogo TAg8 Bae ae 2) ere Bigs “a ssttse Mey 
ShOI CIOL oni xe tigd aU By 33% 2 eae owing mit ign 
rs emo ke Citgo Fen hs dae BA ieee. ‘von eu ho teesms 
SINS HOG > -AWwO ‘olga bi 4 Ts “ening! ay | seonetingling "" 
oF OF Qs. Eases S06 6a. ody baiavh > ‘Diet oe de bontaaaiham oh 
ye eruibaiyet nae HSbrasis. aa e (opnistivan ae rt en wae 
at BRitet ate ysalebiaba ao75, sight basokt ts ee hb | vel = ane 
Genyensn as “2, “ei tbL me Loi eaBBE Hidonssbigy baer.” 
“oe ade wane ie evitele: ad? ‘999m mmfaye Peery 4 


iv 


31 


The plants were grown in a sterilized 2:1:1 mixture of 
etay~koeampgpeat andssandrin plastiarpots;) 12 “to ri5e cm tin 
diameter, and watered daily. For studying the translocation 
behaviour of the herbicides in quackgrass, rhizome segments 
were planted in vermiculite'® in plastic trays. The plants 
were supplied with Hoagland No. 1 nutrient solution (68) 
once a week in addition to the regular watering. The 
experiments were arranged in a randomized complete block or 
a split plot design with four replicates. 

Herbicide treatments were applied with a motor-driven 
pot sprayer fitted with one travelling nozzle tip (TeeJet 
E8001) calibrated to deliver 110 L/ha of spray volume at 276 
kPa pressure. The height of the nozzle tip was adjusted to 
50 cm above the target. For spot treatment of individual 
plants, a known volume of herbicide emulsion was applied as 
a single droplet, using a micropipettor. Herbicide emulsions 
for droplet applications were prepared in the same way as 
for spray applications, by mixing a known volume of the 
formulated herbicide, corresponding to the rate to be 
applied, in 250 “ml water. “Atplus 411F -at0..5% (v/v) was 
added to the emulsions of BAS 9052 OH or DOWCO 453. Agral 90 
at. 0.1% “(v/v ‘was added to the emulsions of TF 1169. The 
volume of herbicide emulsion to be applied to the plants was 
determined by calculating the Surface area of the 


aboveground parts of the plant, using graph paper, then 


‘© Horticultural, W.R. Grace & Co. of Canada Ltd., Ajax, 
Ontario. 
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calculating the volume of herbicide solution that would be 
intercepted by this area when sprayed at the rate of 110 
L/ha. The volume of spray solution intercepted by the shoot 
was determined also by spraying the plants with a dye 
(AtdrichS 2007469,sAcid®Red) 4% 24g/L) solution, using «the 
pot sprayer. The plants sprayed with the dye solution were 
washed in 25 ml distilled water and the absorbance of the 
solutions was measured with a spectrophotometer (Beckman 
“mocdeie25)vat SO08vnmte*Theswvolumenuof spray jsolutionysthus 
intercepted by each plant was calculated from a standard 
curve, eStablished for absorbance vs pl of dye solution in 
25 ml distilled water. 

Treated plants were clipped at soil level 15 days after 
treatment, dried at 60 to 70° C for 48 hours, and weighed. 
The means were compared at the 5 percent level of 
Significance by using Duncan's New Multiple Range Test or 


L.S.D. (Least Significant Diffrence) values. 


3.2 Efficacy of the Herbicides for Grass Weed Control 


3.2.1 Control of annual grasses in the field 


3.2.1.1 Wild oat and volunteer barley control in rapeseed 
The control of wild oats and volunteer barley in 

rapeseed was evaluated in experiments in 1980 and 1981 on 

the south side of the Ellerslie Research Station. In both 
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m and barley was seeded across the back 1.8 m of each 1.8 x 
5.4 m plot. Rapeseed was seeded from the front to the back 
in the entire plot. In 1980, BAS 9052 OH at three rates was 
epplved (at the )22,3- or S-leat stage,of wild oats while in 
J9047 BAS, 9052 OHvand TF 169 each ‘at. ‘three rates were 
applied at the 2- or 5-leaf stage of the weed. 

In both years, wild oats and barley were harvested from 
an area of 0.9 m? in their respective regions in each plot. 
Rapeseed was harvested from an equal area in the region 
cross-seeded with wild oats. Data were obtained on weed culm 


counts and shoot dry weights and rapeseed yields. 


3.2.1.2 Green foxtail control in rapeseed 

One experiment each in 1980 and 1981 was conducted on 
the south side of the Ellerslie Research Station to evaluate 
the control of green foxtail in rapeseed with BAS 9052 OH 
and TF 1169. In both years, 16 rows of green foxtail were 
seeded at right angles to 8 rows of rapeseed in each 1.8 X 
Sn6tmeploot InaiS807iBASusO527OR attehrestrages andeitrsedi69 
at one rate were applied at the 2- or 4-leaf stage of green 
foxtanlioinm #964, UBASNIOS2e0HVand TRY 1169S FfatGtthrecerrates 
each were applied at the 2- or 4-leaf stage of the weed. The 
experiment in 1981 also included a combination of BAS 9052 
OHNGandeTER Li 169% 

In both years, green foxtail and rapeseed were 
harvested from an area of 0.9 m? in each plot. Data were 


obtained on green foxtail shoot dry weights and rapeseed 
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yields. 


3.2.1.3 Annual grass weed control without crop and in crop 
The influence of crop competition on the efficacy of 
BAS 9052 OH, TF 1169, and DOWCO 453 for annual grass_ weed 
control waS examined in an experiment on the north side of 
the Ellerslie Research Station in 1981. The plot size in 
this experiment was 3.6 X 5.4 m. Green foxtail was seeded 
aenoss the front .8 m,; wild oats ian the middle 1/8. m, and 
barley in the back 1.8 m of each plot. Rapeseed was seeded 
im rows from: the front to;the back in the left half (1.8 mM) 
Gompeach) plot. iThe “right halves 2(1.8 m) of the: plots 
contained the weeds but no crop. Herbicide treatments 
consisted of three rates each of BAS 9052 OH, TF 1169, and 
DOWCO 453 and also three different combinations of BAS 9052 
OH and TF 1169. All treatments were applied when the wild 
Oat plants were in the 3-leaf stage. An overspray with 
Cyanazine'' plus MCPA-K‘? (1:2 w/w) at 0.8 kg/ha was applied 
ievhe plot. “part. ~withoute serop, 4"to control broad=leaved 
weeds, one month after test herbicide applications. 
Precautions were taken to prevent any spray drift of the 
herbicide from reaching the crop plants by using wind 
Shields duming spraying. Canadasthistle plants were “Treaved 
individually with glyphosate (3526 g/L) solution, with a 


herbicide glove. 


11 9-[[4-chloro-6-(ethylamino)-S-triazin-2-yl] 
amino]-2-methylpropionitrile 
'2Potassium salt of MCPA. 
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Atubhegtame ofamaturitytof fthed crop, green foxtail, 
wild oats, and barley were harvested from an area of 0.9 m? 
in both the plot part with rapeseed and the plot part 
without crop. Shoot dry weights were determined for all 
three weeds and culm counts also were made for wild oats and 
barley. Rapeseed yield data were obtained from a 0.9-m? area 


cross-seeded with wild oats. 


3.2.2 Effect on the growth of wild oats, green foxtail and 
barley 

Mae eitech Of BAS 2905270H; TE 1169, and DOWCO 453 -on 
growth of wild oats, green foxtail, and barley was evaluated 
also in greenhouse experiments. Each weed species waS grown 
Mieotz-cm “diameter plesticapots fulled) with soil mix. “Four 
wild oat or barley plants or six green foxtail plants were 
grown in each pot. Experiments were conducted separately for 
each weed species. Each herbicide was sprayed at four rates 
at the 2- or 4-leaf stage of the weed in each experiment. 
Visual observations were recorded on the development of 
injury symptoms on the weeds until 15 days after treatment, 
when the plants were clipped at soil level and shoot dry 
weights per pot were determined. Each experiment was 


conducted twice. 
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3.2.3 Quackgrass control in the field 

Two experiments were initiated in 1981 to evaluate the 
etuucacysolothesherbicides for wthe rcontrolavor rqhackgrass 
grown from planted rhizome segments and in an established 


stand. 


3.2.3.1 Control of quackgrass grown from planted rhizomes 

The experiment was established on the south side of the 
Ellerslie Research Station. Quackgrass rhizomes were 
collected in May, 1981 from a heavily infested field. 
Segments 3 to 5 cm long, with one or two nodes each, were 
planted on May 12 to May 15, 8 cm apart in rows spaced 30 cm 
apart. Rlot size washas8 XPsestmenwithesix, Srows per plot¢ 
Treatments consisting of three different rates of BAS 9052 
OH, TF 1169, and DOWCO 453 were applied on June 18, when the 
quackgrass plants were in the 3- to 4-leaf stage. A 
treatment with glyphosate at 1 kg/ha was also included. All 
plots were oversprayed on July 10 with chlorsulfuron'?® at 80 
g/ha to control broad-leaved weeds. Wild oats and volunteer 
barley were removed by hand. Quackgrass culm counts and 
shoot dry weights were obtained from a 0.9-m’* area in each 
plot on August? 20.9The plotsgaiso were*ratedivistally*inythe 
spring of 1982 to assess the regrowth of quackgrass. 

in s1982)) the plots. were eoross-dvsced and “Galt wy ebarley 
(65 kg/ha) was seeded across the back half of each plot on 
May 18 to examine the effect of any herbicide residue in the 


'39-chloro-N-[ (4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino 
-carbonyl]benzenesulfonamide. 
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soil from the previous year's applications on barley growth 
and also)\stos*examineysthe veffect ’ of orcrop competition on 
quackgrass regrowth. The plots were rated visually to assess 


the regrowth of quackgrass and any injury to barley. 


3.2.3.2 Control of established quackgrass 

The experiment was laid out in a farmer's field 
Situated 8 km southwest of the Ellerslie Research Station. 
The field was heavily infested with quackgrass. The area was 
cross-disced in the spring andthe plots were rototilled 
muuce £O a depth of 5 to 10 cm in order to obtain a ‘uniform 
weed stand. The plots were 1.8 m wide and 6 m long. There 
were three replicates. Treatments consisting of three 
different rates each of BAS 9052 OH and TF 1169, and also 
two different combinations of BAS 9052 OH and TF 1169 were 
applied on June 25, when the plants were in the 3- to 4-leaf 
Stage. A treatment with glyphosate at 1 kg/ha was also 
included. All plots were oversprayed on July 10 with 80 g/ha 
of chlorsulfuron to control broad-leaved weeds. Shoot dry 
weight data were obtained from two 0.9-m’* areas in each plot 
on August 20. Visual observations also were recorded to 
assess the regrowth of quackgrass in the spring of next year 
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3.2.4 Effect on the growth of quackgrass plants 

Quackgrass rhizomes, collected from a heavily infested 
Field @nevuneyrissit;, were planted in. 15-cm diameter plastic 
pots in the greenhouse. Rhizomes from these pots were used 
later to study the effect of the herbicides on the growth of 
quackgrass plants. 

Segments 2 to 3 cm in length, with one node each, were 
planted afresh in 15-cm diameter plastic pots. Five rhizome 
segments were planted in each pot. Treatments consisting of 
four different rates each of BAS 9052 OH, TF 1169, and DOWCO 
£53 werenappiiediat! thee2= ton3-sora4—-—\ton S-heafinstageqiof 
the plants, using the pot sprayer described in section 
3.1.2. The number of rhizome segments sprouted in each pot 
waS noted just before spraying. Visual observations on the 
development of injury symptoms were recorded until 15 days 
after treatment, when the plants were clipped at soil level 
and their shoot dry weights were determined. The dry weights 
were converted to mg per plant per pot. 

To study the viability of quackgrass rhizomes after 
herbicide treatment, rhizome segments in the above 
experiment were allowed to resprout after clipping the 
shoots. Regrowth from these rhizome segments was assessed 15 
days abterietippingeby counting, the rhizome ségmentsaggiving 
rise to new shoots, and determining the shoot dry weight per 


pot. The experiment was repeated once. 
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3.3 Morphological and Histological Effects 


3.3.1 Plant material 

Wild oat plants from seeds of uniform size were grown 
in the greenhouse in 12-cm diameter plastic pots. Only two 
plants were grown in each pot. Experiments were conducted 
separately foreBAS (9052 <OHpeTF £11697 eaTld “DOWCO 453 45%n veach 
experiment, two different rates of the herbicide were 
applied to plants at the 5-leaf stage. The fourth internode 
(the internode between the points of insertion of the fourth 
and fifth leaves) of these plants was 1 to 2 mm in length. 
Herbicide applications were made with the pot sprayer 
described in section 3.1.2. Observations on morphological 
and< histological: effects «were recorded 0, 2; 5, 9, and 14 
days after treatment. Histological examinations were 
conducted only on the fourth internode of wild oat stems. 

The treatments were replicated eight times, each plant 
representing one replication. The pots were arranged in a 
Split plot design, with days of harvesting as the main plots 


and herbicide treatments as the sub plots. 


3.3.2 Histological procedure 

Bor $thistological tstud esi. ta (hi- peto:? <2ammahrong pesten 
segment was excised from just above the fourth nodal plate 
Gee cnotntecofcinsentmomroiethe fourthileaiiettand fixed ‘in 


formalin : acetic acid : ethanol (50%), 1:1:18-(v/v), for 24 


hours. The segments were dehydrated by passing them through 
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abt=ebutanol series’ (50,.70,085,¢ 958and 100%) as» described) by 
Jensen (77). The series consisted of mixtures of t-butanol, 
ethanol and water; the ethanol and water being replaced by 
t-butanol in the higher members of the series. The segments 
were left in each member of the series for 4 to 8 hours, 
enenerfinaltlyittiransferred Wro Jd00% | trbutanoclefornd?2, to?24 
hours. The dehydrated segments were put in glass vials 
containing solid paraplast'‘. The vials were kept in an oven 
Gitmo or tO. oO (Ce kOrecs4 to. 438 hours to allow -infildtration of 
paraplast into the tissue segments. Several changes of fresh 
molten paraplast were made before the segments were finally 
embedded in the medium into small rectangular blocks, using 
paper boats. Tissue sections, 5 pm thick, were cut on a 
hand-operated rotary microtome fitted with a steel knife. 
The ribbons of paraffin sections were floated on a thin 
layer of 4% formalin on glass slides treated with a thin 
film of Haupt's adhesive'*®. The slides were warmed on a 
hotplate at’ 35° C before: draining: offithe excess» formaling 
and allowed to dry. 

For, stagning sofalthe) Gite ssueansecti onsyemithe method 
described by Jensen (77) and Berlyn and Miksche (15) was 
followed. Tissue sections affixed to slides were put in 


xylene ‘in Coplinr jars tovdissolvesthet paraffin), thenepassed 


‘40 tissue-embedding medium consisting of purified paraffin 
and plastic polymers; Sherwood Medical Industries, St. 
Louis, Missouri. 

'51 g gelatin was added in 100 ml water at 90° C. The 
mixture was cooled to 30° C and 15 ml glycerine was added. 
Phenol (2 g) was added as preservative. 
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through a hydration series consisting of a decreasing 
concentration of erhanolea(absolute, 95%, 80%, 70% and 50%). 
mhe»Wsections “were )stained ingdes% safranin O (C.1. 50240; 
Fisher Scientific Company, New Jersey) in distilled water 
and counterstained in 0.5% fast green EGE aECC Ml a2053% 
Fisher Scientific Company, New Jersey) in 95% ethanol. The 
sections were mounted in Canada balsam (neutral-filtered: 


Fisher Scientific Company, New Jersey). 


3.3.3 Observations recorded 

Morphological observations were recorded on total culm 
length (from the base of the plant to the base of the 
panicle) and the length of the second, third, and fourth 
internode. Histological observations were recorded on _ both 
transverse and longitudinal sections of the stem taken from 
near the base of the fourth internode. Four plants in each 
treatment replication were used for transverse sectioning 
and the |.cthere® fourteforemeongi tudinal Sectioning. The 
transverse sections were used to record observations on culm 
diameter, vascular bundle diameter and cell diameter in the 
cortex between the ‘vascular bundles (Figure Ia). The 
longitudinal sections were used to determine the width of 
cells in the ground parenchyma and the length of cells in 
the cortex as well as in the ground parenchyma (Figure Ib). 

Culm diamececrepanaw cell width were measuredvat. 35x 
magnification while all other observations were made at 100X 


magnification, using an ocular micrometer. 
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Figure Ia. Diagrammatic representation of a transverse 
section of wild oat stem. 
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'Figure Ib. Diagrammatic representation of a longitudinal 
section of wild oat stem. 
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The ocular micrometer was calibrated using a stage 
micrometer (American Optical Company, Buffalo, N.Y.). Each 
division on the ocular micrometer corresponded to 14.8 pm at 


35X magnification and 5.3 pm at 100X magnification. 


3.4 Translocation Behaviour 


3.4.1 Site of application of herbicides on grass weeds 

Six experiments, three each on wild oats and green 
foxtail, were conducted to examine the effectiveness of BAS 
9052 OH, TF 1169, and DOWCO 453 when applied at different 
Sites on the plants. Separate experiments were conducted for 
each herbicide on each weed species. Four plants per pot 
were grown in the greenhouse. Wild oats were treated at the 
3-leaf stage while green foxtail was treated at the 4-leaf 
Stage of growth. 

Herbicide treatments were applied as single droplets 
using a micropipettor at four different sites on separate 
wild oat plants and at three different sites on separate 
green foxtail plants. Three concentrations of each herbicide 
corresponding to 0.01,- 0.03, and 0.05 kg/ha rates of BAS 
9052 OH or TF 1169 and 0.005, 0.01, and 0.03 kg/ha rates of 
DOWCO 453 were applied as single 5- or 8-pl droplets at the 
tip, middle or base of the second leaf or between the sheath 
of the second leaf and the stem of wild oat plants. To apply 


the herbicide treatment between the leaf sheath and the 


ibate so pitauv Béderdtiso few | se tech 


> > 


0 
nea 


we Die i net ; j ; 
on te en ete ey . ‘aaa oe sae Gi pnt ie 


« 
~~ 
\& 


neg, ted ; SSG eer ne 167 aR sam ian ata a. 


. ‘ae “hoe ¢ ’ - 
aqee “ne. eethe Net sate sua iam: Apna 
3 


*) 83 se ee we hi be as iat i si ae 


, Wins 
a wi veetige: 50. Yass boone oie a i > 
| eal 


_ ‘waae ~ i bay 
- ra oe 
’ {4 hag 
x - ie een oe : 


“4 SIS Venango) Cables Aer! Tema) ~ 


Wo.tepi nip AOGP. 12 DS ihe _ age yaa tai 


® <. 
2 


ee ste ‘ie cha tortanrcite 

| | | 
thaow zaste ‘ao Rehio toyed sae soiatde age v9 wits 
eg. pall I padonn (hone. eG 

¥v 

bei de bees “nk od S+iukaos otewi al r 
Mg. beTlegs ‘nsdyw b2s0 tare ts u eat ae 
| 20 2 INSdoteg ket bo ini a Ete Sy 7 
wi, 422 ppetqpanbeew: Hiei” Ag. soicaiien | 
Sis dat eet Baby heeahiaas| v4ao4 n 
in? “a beataats eae ft haga ‘inal et rey. ‘sent, = | 
3 Spirte vesBon lads Siowr lt b nsdebidense a 


” 
s 
Ms 


ex. ie bh: Sisyeddif ssylt y sa Tha rusig yea | 


La 79h n> ‘ee ig netic grSsengy sith vakohag Liane 
(ia : 


7 


oe 


A 


aah eldest es #9: 32) af sna om, rab 


Ms “i 


* _ ry Fs 7 ~~ 
(ve ae fap aa a ‘ne mek cone 


vb hi er cnet "Se : 
ato ee AE cE T Ma 7 sp 
=a fs ee ay 


7 x 
rd 


44 


stem, the sheath was gently separated from the stem at the 
ligule end to make space for herbicide application. The 
herbicide emulsion in the tip, middle or basal treatment of 
the second leaf was prevented from spreading by keeping the 
leaf horizontal on a wooden plank until the droplet was dry. 
The emulsion applied between the leaf sheath and the stem 
was allowed to run down to the base of the sheath. In the 
case of green fFoxtail, three concentrations of the 
MeGgoieides corresponding toecd.005;ord0e01, Bandrioco3e kg/ha 
Becesctok sBASOSOSZ220H or PDOWCO 45387 ande0adid., TON08eandn0s05 
kg/ha rates of TF 1169, were applied at the tip, middle or 
base of the third -leaf only. The volume of herbicide 
emulsion applied as single droplets on individual plants was 
determined according to the methods described in section 
Sty 26 

The treatments were replicated four times, and each 
replicate consisted of four plants. The plants were 
harvested 15 days after treatment and shoot dry weights were 
recorded. The experiments were conducted twice for each 


herbicide and each weed species. 


3.4.2 Mutilation experiments 

Wild”’6at plantsiwere ‘growneain the *greenhouse), four 
phants@ perifpot thindividuabowiid. coathplantshwerestreatedvat 
thevealeatietstagesmmtwo tconcentrationse off thee herbreides 
corresponding to 0.02 and 0.05 kg/ha rates of BAS 9052 OH or 


DOWCOeloouenaeOs05eand OvdOekg7ha. rates ofvrTF* W469 were 
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applied as single 5- or 8-pl droplets on the adaxial surface 
of the middle of the second leaf according to the method 
gGescrabedranesectronsr3<i.2 and 3.4.1. 

At different intervals after herbicide application, the 
treated’ leaves were removed from the plants»byscutting them 
off near the base of the leaf blades. The treatments were 
replicated four times and each replicate consisted of four 
plants. The plants were harvested 15 days after treatment 
and shoot dry weights were recorded. Experiments were 
conducted separately for each herbicide and repeated in all 


Gases. 


3.4.3 Viability of quackgrass rhizomes 

Quackgrass rhizomes were collected from plastic pots 
previously planted with rhizomes obtained from the field. 
Rhizome segments, 20 to 30 cm in length, each consisting of 
10 nodes, were planted in vermiculite in plastic trays in 
the greenhouse. Each tray contained four rhizome segments. 
Only one shoot from the proximal end node of each rhizome 
Segment was allowed to develop. The shoots arising from 
other nodes on the rhizome segments were clipped off. When 
the plants reached the 2-= to: 3>s0r 4- to S-lkeat stage, BAS 
OO5OC0H- @Tr 31169 or sDOWCO1 45375 each Gat. three Grates, S owas 
applied using “the ™pot.y sprayer. The herbicadesspray was 
prevented from reacheng the “vermiculite jan “the "trays= by 
covering it with paper towels, thus exposing only the 


shoots. The treatments were replicated four times, each 
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rhizome segment in the trays representing one replication. 
The plants were harvested 15 days after treatment and shoot 
dry weights were recorded. 

The rhizome segments were removed from the vermiculite, 
washed in running tap water, and cut into one-node sections. 
These sections were planted separately in 2.5 X¥ 5 cm plastic 
cups filled with vermiculite. The sequence of nodes from 
each rhizome segment was maintained while planting them in 
the plastic cups. The proximal end node of the segment, 
which gave rise to the shoot, was designated as number 1. 
The number of nodes sprouted in each replication and the 
shoot dry weights were recorded 4 weeks after planting. 

The mean number of nodes sprouted on each rhizome 
segment was transformed using an arcsin percentage 
transformation. The transformed data were analyzed using 
factorial» analysis with factorvA asthe growth stages and 
factor wR #aserthe *herbictdecutreatmentse nfheh meansafwere 
compared at the 5 percent level of significance using L.S.D. 


values. 


3.5 Herbicide Mixtures 

Two experiments, one each in 1980 and 1981, were 
conducted in the field to study the compatibility of BAS 
9052 OH with other herbicides for wild oat control and the 


compatibility of BAS 9052 OH, TF 1169, and DOWCO 453 with 


DOWCO 290. 
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3.5.1 BAS 9052 OH mixtures with other wild oat herbicides 
The experiment was conducted on the south side of the 
Ellerslie Research Station in 1980. Wild oats were seeded 
across while rapeseed was seeded from the front to the back 
piriayS wxits.6onmy plots: Hérbicide treatments consisted of 
Bhree rakresiot RBASse90521eOHs wone dratemicacht rok abarbans 
diclofop methyl, and benzoylprop ethyl applied alone, and 
Mixtures Of BAS 9052 0H, at low rates, with barban, diclofop 
methyl or benzoylprop ethyl, also at low rates. Barban 
Sprayed alone was applied at the 2-leaf stage. All other 
treatments were applied at the 3-leaf stage of wild oats. At 
the end of the season, weed culm counts and shoot dry 


weights and rapeseed yields were determined from an area of 


O29 m* an each plot. 


3.5.2 Herbicide mixtures with DOWCO 290 

The experiment was conducted on the north side of the 
Ellerslie Research Station in 1981. Green foxtail, wild 
oats, and barley were seeded across in 1.8 m strips in each 
3.6 x 5.4 m plot. Similar to the arrangement described in 
section 3.2.1.3, rapeseed was seeded from the front to the 
back), an the Lert “half cofvsthe plots soniy- Herbicide 
treatments consisting Of mixtures Of BAS 9052-CH 7) ER 151697 
DOWCO 453, and diclofop methyl with DOWCO 290 were applied 
at the 3-leaf, stage of wild oats. A treatment with 
trifluralin. was applied before seeding the weeds and the 


crop,. and “incorporated to a depth of 5 to 7 cm with a 
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rototiller. Green foxtail, wild oats, and barley were 
harvested from an area of 0.9 m? in both the plot part with 
rapeseed and the plot part without crop. Weed culm counts 
and shoot dry weights were determined for wild oats and 
barley while only shoot dry weights were determined for 
green foxtail. Rapeseed yields were determined from an area 


of 0.9 m? in the plot part cross-seeded with wild oats. 
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4. RESULTS AND DISCUSSION 


4.1 Annual Grass Weed Control in Rapeseed 

In 1981, all treatments with BAS 9052 OH and TF 1169 
provided excellent control of wild oats at the 2- and 5-leaf 
Stages of growth (Table 2). BAS 9052 OH at the lowest rate 
(0.15 kg/ha) was less effective on volunteer barley when 
applied at the later (5-leaf) growth stage. Rapeseed plants 
were not affected by any of the treatments. Although mean 
rapeseed yields in all herbicide-treated plots were 
numerically higher than in the weedy check, the differences 
were not Statistically significant. 

Results from an experiment conducted in 1980 also 
induecated Sthaty wilditoate Gontrob* /withs*BAS 290522 Okirwas 
excelient Sat Ball S(22eR Sa,-Cand 5-leaf}emgrowthtrstages. 
However, contrary to the results obtained in 1981, volunteer 
barley showed more resistance to low rates of BAS 9052 OH at 
the earlier growth stages than at the 5-leaf stage (Appendix 
Table I). 

Theeediscrepancy®’in “results” fromeetheevtwo, years ‘ot 
experiments may have been due to the effects of 
environmental factors such as moisture and temperature on 
theoegrowth of weed plants ‘and the behaviour “of the 
herbicides in plants. Weather data from our experimental 
sites indicated that lower minimum and maximum temperatures 


at the time of treatment and shortly thereafter corresponded 
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with poor weed control. 


Table 2. Wild oat and volunteer barley control in 
rapeseed (1981). 


Wild oats Vol. barley 
Treatmentt Rate “Score Culms) D:W. Score*Gulms DW. 
kg/ha Aug 8 /m?$ g/m?tAug 8 /m?t g/m?t 

Weedy Check 0 274 a 131 a 0 269ga F556 ta 
BASuS052 OHe2 ESy0.t5 9° Oeb OD 9 Oke 0. ¢ 
BAS 9052 0H 5 LS 0.15 9 4 b ie) 7 69 b 64 b 
BAS 29052+0OHe2 BSe0)25 9 Ox b Ome 9 Ome UEC 
BAS 9052°0OH 5 LS 0.25 9 0 b 0 b 8 Paya te: (Ze 
BAS 9052 OH 2 LS 0.40 9 O'b 0 b 9 Ce: Ome 
BAS9052.0H-—5.LS+0...40 9 ON a Ciel 9 6 are: eer 
TF 1169 Ze SOs © 9 0 b 0 b 9 Ose O-«¢ 
TF 1169 57S 10.25 9 0 b 0b 8 29 “bo Fi s0gbe 
Pes wl 1:69 2050635 9 Ob 0 b 9 Ome Otc 
4 Taino | pee GeileoS 9 eo) sso) 9 OE 0-¢ 
TF 1169 2)-ES, 0.45 9 0 b 0b 9 Ot xe: Oc 
Peas t 169 SES 0g45 9 5b Zab 9 ORE Ome 


TLS refers to leaf stage of wild oats at spray time. 
Volunteer barley was at the 4- or 6-leaf stage at the time 
of treatment. 

tMeans in the same column followed by the same letter 

are not significantly different according to Duncan's New 
Multiple Range Test at P < 0.05. 


In 1980, the minimum and maximum temperatures were 1.5 
and 12°C, respectively, when the treatments were applied at 
the S2sbeaflistage;s andii9Gand 25°C, respectively, when the 
treatments were applied at the 5-leaf stage of wild oats 
(Appendix Table IV). In 1981, the minimum and maximum 
bemperaturesiweren10 vodande2iat’ Greoréspectiveliyemnwhenewthe 
treatments were applied at the 2-leaf stage, and 3.3 and 
17.6°C, respectively, when the treatmentsS were applied at 


the 5-leaf stage of wild oats (Appendix Table V). All 
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treatments were applied early in the morning. Reports in the 
literature have indicated that factors such as low 
temperature, low” relative shumidity: and) drought! stress 
reduced the efficacy of BAS 9052 OH and TF 1169 on some 
grass weeds (28,84,87,109). 

All herbicide treatments with BAS 9052 OH and TF 1169 
peduced’ othe) |drymtweightt sof sgréenm “foxtail at both 2-,/and 
4-leaf stages (Table 3). 


Table 3. Green foxtail control in rapeseed (1981). 


Green foxtail Rape 

Treatmentt Rate Score “Dry wt. Yield 

kg/ha Aug 8 g/m?+t g/m? ¢ 
Weedy check 0 32a 209 
BAS 9052 OH 25S 0:5 510 8 2D 229 
BAS 9052 OH Saas 6210 3) 1 ob 197 
BAS 9052 OH 2 6S Oats 9 ieee) 246 
BASSI052 0H 5 LS Ors 9 fagb 194 
BAS 9052 OH 2 LS Oe 25 9 isis: 202 
BAS#°9052 50H 52S O25 S) ib 210 
EEF Lhe9 2°LS 0.20 Z icb 198 
TF 1169 SS O20 7 4 b [nek s) 
TE s1i69 2395S Og30 8 2D 219 
TE lal 69 DELS 0530 8 4 b 193 
TF 1169 2-BS 0.45 9 dab 219 
TF 1169 SasS 0.45 9 jee 229 
Base OUSZETE 11690. 255 02 1070.20 9 1 b 249 
BASeGOSZFTE 1169 OLS) 0. 1020020 9 0 b 25 


+LS referseto leaf stagesof«green:foxtail atispray time. 
tNumbers an che same column followed by the same Wetter 
are not significantly different according: to Duncan's New 
Multiple Range Test at P < 0.05. 


Visual observations indicated that, in general, treatments 


with BAS 9052 OH provided better green foxtail control than 
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treatments with TF 1169. Mixtures of BAS 9052 OH and TF 1169 
at the lowest rates were very effective in controlling green 
foxtail. None of the treatments increased rapeseed yields 
Significantly over the weedy check. No injury to rapeseed 
plants was observed from any of the treatments. 

Results of a similar experiment in 1980 indicated that 
green  Sfoxtailrcontroliwithe BAS 905200H= (04031 t090.15 kg/ha) 
or TF 1169 (0.35 kg/ha) was better at the 2-leaf stage than 
at the 4-leaf stage. At the advanced growth stage, green 
foxtail showed more resistance to TF 1169 than to BAS 9052 
OH (Appendix Table II). 

in 1980, ‘Ereatmentsstywith/ MBAS G@9C52 OH” Sande Tray 4169 
applied at the 4-leaf stage of green foxtail resulted in 
some injury to rapeseed plants and ae thinner stand. 
Consequently, green foxtail plants that survived herbicide 
treatments recovered and grew vigorously in the absence of 
strong competition ' from the crop. No injury to crop plants 
was observed in 1981 and all herbicide treatments provided 


effective control at both 2- and’ 4-leaf Stages. 


4.2 Annual Grass Weed Control Without Crop and in Crop 

All herbicide treatments reduced the number and dry 
weight of wide? cats UealnSt ewithout Reropamandebint crop 
significantly (Table 4). Visual observations indicated that, 
in general, wild oat control in crop was better than without 


eropyeespecially at’ low’cherbicide “rates.0' In «weedy “check 
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plots, competition from rapeseed reduced the number and dry 
weight of wild oat culms by about 19% and 48%, respectively. 
In the absence of crop competition, plants that survived 
herbicide treatments recovered well after initial 
suppression -and. grew. normally.to...maturity later. inthe 
Season. Mixtures of , BAS -9052--OH«<and~-TF<--1169 -provided 
excellent control of wild oats in both Situations. 


Table 4. Control of wild oats without crop and in crop. 


Wild oats 
Without crop gh Yen dole 

Moe Ie oe oS ee CR 2 aeee Rape 

Treatmentt Rate score Culms D.W. Culms D.W. Yield 
kona “AugiS sam?** q7mite /m7t o/m*Big/m-t 

Weedy check ) S47 sa 709 faee443: a 3688am 142 
BAS 9052 OH Osis 7 43 9b)  56@b Sh de) 34D 255 
BAS 9052 OH 0225 9 5) As, 6 7b 0 b 0 tbe.236 
BAS 9052 OH O75 9 0 b @ab 0 b O@bDh 233 
THwiiies 0025 8 ahs “5 54b 0 b OGbe. 2041 
THEW 69 O35 7 397 (be) Sib 0b OGbe 208 
TEwAd69 0.45 9 Tb AD Ons OGbe 200 
BASZOS2+TE 169s 0G1540.058 9 ie bb 0b 0 bRe254 
BAS9052+7TR 11691064070 220449 4b 3 xb eb Orbe 20 
BASIOS22TRaI6G9R0SZ0+0R10 9 4 b oie 8) 0 b 0 b 204 
DOWCO 453 O207 7 tLebercéznb bub 1ebNe22,/ 
DOWCO 453 Oe 15 2) ‘vel Wie) 0 b Obs 256 
DOWCO 453 OS 9 OLD Orb Oa 9: GP. Das aso 


tACplusméd lifcat 025% and Agral 90 ab10405% (v7v) of the 
final spray volume were added to the mixtures of 

BASH 9O5S2 Oh and TE 1169". 

tNumbers in the same column followed by the same letter 
are not significantly different according to Duncan's New 


Multiple Range Test at P < 0.05. 


Rapeseed plants were not injured by any of the treatments. 
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Although rapeseed yields were numerically higher in the 
herbicide-treated plots than in the weedy check, the 
dpiterencescwerecnotestatistically |\significanta(Tableh4)s 


Table 5. Control of green foxtail without crop and 


: im, crop. 
Green foxtail 
Without crop ine crop 
Treatmentf Rate score Deyn wis. Dry wt. 
kg/ha Aug 18 g/m?¢ g/m? + 
Weedy check 0 B26. a 143 a 
BAS: 9052330H OL15 6 164 b-e Tb 
BAS 9052 OH Cn25 8 56 de S) Je 
BAS =9052¢0H O#35 8 70 de Tb 
TF 1169 OF25 4 290eb OFb 
TF 1169 435 Si 249 be io 
Thel t69 0.45 ) himsese Seb 
BASIOSZSTE1169e10. 15201005 7 84 de as 
BAS IOS24 TR 1169) 0 210+07 20 6 197 tba hs 
BASIOS2ATTE VIGO BOPZ0+0. 10 8 48 de 2b 
DOWCO 453 Ort0'7 6 124 ce he] ) 
DOWCO 453 OS i; 61 de Ob 
DOWCO 453 OF 35 9 lle Ob 


TAtplus 4(4Featl0.25%eand Agral 90nato0.05%ttv/vjimofethe 
final spray volume were added to the mixtures of 

BAS SI0.9Z OH and ares tTe9 < ‘ 

tNumbers in the same column followed by the same letter 
are not significantly different according to Duncan's New 
Multiple Range Test at P < 0.05. 


Control ct green ‘foxtailvine crop, on the basrs ot dry 
weight data, was excellent with all herbicide’ treatments 
(Table 5). Competition from the crop reduced the dry weight 
of green foxtail in the weedy check by more than 70%. Dry 


weights of green foxtail without crop were not significantly 


git ht ysipid yDEaSiehery | sew! ae seseaqan 
ect kageis aay ety cd | meee ‘wiela beluots te 
.(3 olde?) tneseaiuphelgiia Piseiseae esi, S70, 
Gna woun shodsan Aisnnet aiseho. te Lox sunael 

-9oan, ae 


tecemtcally ‘ 


a es — ON RS OE nd 


LOno*od offerte 


o) o o pew em ote ed a bee iw ee he oe = Di ee 
435), a Le we ese ra 
_,. 
- bs ‘ a - . oe «= @ 
rn ak bw. My $7¢ x. 
yt OY af) ay 
= 7 an Se mally a4 
f ee & ait 2 im 
df a=-g 4 a\ 
ab ac 5 
do af 04 ¢ 
o? 3 Ges 4 
t : oh > a 5 
ry 7. 5 
25-98 
‘ , ; ‘Pe ! 
P a $4 bed a 
eal, f, 
° nee inn | ms o 
i Bs. odo ) . 
yt | 3 
eS Se EE Ge § ee - —- eaten ars “iat eee oo |: a - > em -+0= 
| 3 ] - ie ¥ ) ae \e he is aT rE > OA i 


36 2oWaRin ale Sera ey. ee 
| ah 
SI 29- NBR Ae 1 ave t63 at ess } 
wo (a DSSAWE! of Diep Oss. RP dol aE. Smo2 th 
ae goth hd ‘a Jest a6 


gab 45 tBand 3464 He! acto. ne EE ahha a0 | 


ae 
Boheme 3 abba titel t Ler Ad tv v9 Higa 86 a ea 
_ BabtoM gb. sailed paso q Bhd aord “hake iran 

* qa aOT «Teds 10M aay. 169d0 cee: sitz. wh. es 


i | 
a ae 
VieReon 
ap het 

i ele 
ae 

wm 


SS) 


different in most instances due to high variability in the 
data. Visual observations indicated that control in the 
abGence Of /Ccrop competitron “was only poor “to-farr “with “some 
herbicide treatments. TF 1169 at lower rates (0.25 to 0.35 
kg/ha) especially was less effective in controlling green 
foxtail without crop. The lowest rate of BAS 9052 OH alone 
Chain wmixture With TE 117692 and the Slowest trate of DOWCO%453 
also provided “wnsatisfactory conmtrol® of ‘green’ foxtail 
WEenoul crop. 

Volunteer barley control was excellent with all 
herbicide treatments, both without crop and in crop (Table 
6). In the weedy check, competition from the crop reduced 
the number and dry weight of barley culms by only 22% and 
17%, respectively. Visual observations indicated that plants 
that survived herbicide treatments recovered well after 
Mitervate Suppression titethe absence of crop competition, but 
remained stunted under crop competition. 

In general, grass weed control with the herbicide 
treatments was better when the weeds were growing with 
rapeseed than when they were growing without this crop. 
Competition from the crop reduced the growth of weed plants 
and may ‘have ‘affected their recovery after “herbicide 
application. Green foxtail was most sensitive to competition 
from rapeseed. Thus, competition from the crop could improve 
the efficacy of ‘BAS #9052 OH, “TF 1169, and DOWCO 453° on 


grasses, especially at low rates of herbicide application. 
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Table 6. Control of volunteer barley without crop and in 
crop. 
Volunteer barley 


Without crop inecropo 

TreatmenttT Rate Score Culms D.W. Culms D.W. 

kg/ha’ SAug, 184) /matea g/mz+ 7m? farg/m?# 
Weedy check 0 400 a 864 a SiQga wit6sa 
BAS 9052 OH ORT 8 i3G5 23Cb Ht 10 b 
BAS 9052 OH OrZ5 9 eas) ye 0b has) 
BAS 9052 OH 03:5 9 0 b 0 b Cie) Oeb 
FEwit69 0225 9 2nb Sab ies) 1a 
Te 4169 OMe 5 9 Oils: Wee: Ob 0 b 
TEL 1169 0.45 9 Oab 0 b 0b Ob 
BASSOS2ZHIF 11 69¢0<215t0idSea9 Gb Gab Oth O55 
BASPOUSZ TE 1 169-0..1670 20. *9 Ob 0 b 0 b 0 b 
BASCOS2ZATFANGS 0220t+00L00 9 Gab Qeb 0b 0 b 
DOWCO 453 0.07 8 Reb 9b 5 /baltesab 
DOWCO 453 02.45 9 Ob Ob 0 b Ob 
DOWCO 453 Be35 9 0 b Oab Oth Gee 


TAtplusd4 }theat /0V25% and Agrabi90cat’0v05%i (v/v inet. the 
final spray volume were added to the of the mixture of 
BASHI0S2ZrOHRangetTr 169% 

tNumbers in the same column followed by the same letter 
are not significantly different according to Duncan's New 
Multiple Range Test at P < 0.05. 


My results were similar to those reported by O'Sullivan et 
a) (100) and “Sharma and Vanden Born ) (i220) eivom their 
experiments with some herbicides for wild oat control in 
wheateor Dartey..(The poor .control, of green » toxtailtmein athe 
absence of crop might have been due to late germination of 
some green foxtail seeds in addition to recovery of some 
plants after herbicide application. The soil was dry toa 


depth of about 2 cm when green foxtail was seeded, and 
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rainfall was delayed. Increasing the rates of the herbicide 
treatments improved green foxtail control without crop 
considerably, possibly due to herbicide activity through the 
soil on later germinating plants. Some soil activity of BAS 
SO0S2a0H ) (73), SEF IN9691 04532, 128) amandvDOWEO2453n (5) ab High 
rates of application has been observed on some grass weeds. 
Rapeseed showed a high level of tolerance to BAS 9052 
OH, STF 16978 and’ (DOWCOsc453« rmualbeexcept oneninstance: 
However, control of wild oats or green foxtail in crop did 
not result in significant increases in crop yield. It has 
been reported that wild oats are a strong competitor with 
rapeseed and can reduce the yield of the crop considerably 
(40). In our experiments, rapeseed yields, although 
numerically higher in the herbicide-treated plots than in 
the weedy check, were not significantly different due to 
high variability in etheondataye Uneven germination’ ini the 
spring and shattering losses during harvesting may have 
contributed to variability in rapeseed yields. Green foxtail 
control did not increase the yield of rapeseed, possibly 
because green foxtail does not compete strongly with the 
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4.3 Effect of the Herbicides on Growth of Annual Grasses 


4.3.1 Injury symptoms 

Symptoms of herbicide injury on wild oats, green 
foxtail, and barley did not become visible until 3 days 
after treatment with BAS 9052 OH or DOWCO 453 and 4 days 
after treatment with TE” 1169.. During’ this period, the growth 
of the plants continued as the youngest leaf elongated for 
some time after treatment. The first visible injury symptoms 
were inhibition of growth and development of chlorosis near 
phesbase,@ofmethe Youtigest eleaich ThisAschiorosis Yon’) the 
youngest leaf then progressed towards the leaf tip. A 
shrivelling of the tissue occurred near the base of the 
leaf, from which point the leaf blade drooped down and 
turned completely chlorotic. These shrivelling symptoms were 
particularly pronounced on green foxtail. Chlorosis then 
spread progressively towards the older leaves, starting at 
the base and progressing towards the tip of the leaf blades. 
The oldest leaf was the last to be affected. Leaf chlorosis 
was most prominent on barley and least on green foxtail. In 
addition to leaf chlorosis, necrosis appeared near the base 
of the stem. The stem turned brown at this point and was 
unable to support the plant. Death was complete within 2 to 
3-lweeks \tafter “treatment. BAS 9052 OH and@DOWEOS453 caused 
more chlorosis on the leaves and earlier death of plants 
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At low rates of the herbicides, chlorosis was 
associated with curling and crinkling of the young tissue, 
possibly as a result of irregular growth that continued for 
a longer period after these treatments than after 
application at higher rates. At high rates, injury symptoms 


were enhanced and death occurred quickly. 


4.3.2 Dry weight reductions 

All three herbicides reduced the dry weight of wild 
Oat, green foxtail, and barley shoots determined 15 days 
after treatment. Four rates each of BAS 9052 OH, TF 1169, 
and DOWCO 453 were applied at the 2- or 4-leaf stage of the 
weeds in the greenhouse. From the dose-response curves 
UProunes “| to 3) obrained (sby "plotting increase in ‘dry 
weight of treated plants, after treatment, as a percentage 
of the corresponding increase in dry weight of control 
plants, the rates that inhibited the increase in dry weight 
of plants by 50% (GR;. values) were calculated (Table 7), by 
the method of least squares. These GR;, values were used to 
compare the efficacy of the herbicides on wild oats, green 
foxtail,. and barley at two different stages of growth. 

The GR;,, values indicated that wild oats were equally 
susceptible ‘to BAS. 9052 OH, TF 1169, or DOWCO 453: at the 
Q-leaft Matage Of growth (Table 7). The plants were 


significantly less susceptible to BAS 9052 OH at the 4-leaf 


Stage than at the 2-leaf stage. 
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Figure la. Effect of BAS 9052 OH, TF 1169, and DOWCO 
453 on the increase in dry weight of wild 
oat plants, 15 days after treatment at the 
2-leaf stage. 
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Figure lb. Effect of BAS 9052 OH, TF 1169, and DOWCO 


453 on the increase in dry weight of wild 
oat plants), 15 days after treatment at the 


4-leaf stage. 
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Figure 2a. Effect of BAS 9052 OH, TF 1169, and DOWCO 


INCREASE IN DW (% of control) 


453 on the increase in dry weight of green 
foxtail plants, 15 days after treatment at 
the 2-leaf stage. 
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Figure 2b. Effect*of BAS 9052 0H, TF 1169, and DOWCO 


453 on the increase in dry weight of green 
foxtail plants, 15 days after treatment at 
the 4-leaf stage. 
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Effect of BAS 9052 OH, TF 1169, and DOWCO 
453 on the increase in dry weight of barley 
plants, 15 days after treatment at the 
2-leaf stage. 
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Effect of BAS 9052 OH, TF 1169, and DOWCO 
453 on the increase in dry weight of barley 
plants, «40 days after treatment “at the 


4-leaf stage. 
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The susceptibility of wild oats to TF 1169 or DOWCO 453 was 
not significantly different at the two growth stages and the 
pannusigwerer ikiliedy/ by o0.032 ko/hallor more of these 
herbicides. 

Green foxtail was highly susceptible to BAS 9052 OH and 
DOWCO 453 and plants were killed by 0.005 kg/ha or more of 
these herbicides at both growth stages. TF 1169 was much 
less effective on this species, and GR;, values were two to 
three times as high as for the other two herbicides (Table 
7). This, difference was especially marked at the 4-leaf 
Stage 


Table 7. GR;,. values of the herbicides on grass weeds. 


GR,. values (g/ha)¢ 


Weedt BAS 9052 OH TF 1169 DOWCO 453 
Wild oats 2unsS Caylee 7, ices Sats Ale K27. Gereeeo as 
4 LS 22894 SdR 2ORSUs 364 180 296RZ 
Green foxtail 2 LS A ths Ea te 3 i’ A1Peo2 8 462018 1h2Z 
47S OOL BES, Pe 2 at aes 2 eS Clee t mila 
Barley 2 LS SO SG tae Di eet eG USURSE ae Sixties 
4 LS Se yao cemey BS 23 ..082i2.9 1544-2250 


+ LS refers to leaf stage of the weeds at the time of 
ELeaLMenL. 

¢tNumbers following + represent confidence limits 

on GR,, values, calculated according to the method 
described by Steel and Torrie (122). 


Barley was most susceptible to DOWCO 453 and least 
Susceptible to @BASP 9052 0H. The susceptiblity of plants to 
BAS SO0G2"CH was Slcmiticantly higher (at the 4-leaf “stage 


than at the 2-leaf stage (Table 7). The plants did not 
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differ in susceptibility at the two growth stages to TF 1169 
or to DOWCO 453 and were killed by. 0.03 kg/ha of these 
herbicides or 0.05 kg/ha of BAS 9052 OH. 

Injury symptoms such as: sinhibition of growth and 
development of chlorosis on the young growing tissue caused 
byt BAS: (9052 OH, eTFPchl69p fand DOWCO 4536 indicated ‘thate the 
primary effect of these herbicides was on the actively 
growing tissue. BAS 9052 OH, TF 1169, and DOWCO 453 appear 
combeaslow-acting herbicides. Symptoms did not occur until 3 
to 4 days after treatment. During this period, growth 
continued and the dry weight of plants increased. The 
increase in dry weight of plants was greater when the 
herbicides were applied at an advanced than at an early 
growth stage which indicated that application of the 
herbicides at the early (2- «to 3-lieaf) growth stage of 
annual grasses could prove advantageous since the weeds 
would offer less competition to the crops before and after 
herbicide application. Wild oats can exert its competitive 
effectsSion rapeseed friight from the early stages (within 7 
daysCof “emergencé)). These competitive effects ‘can increase 
with time up to 50 days after emergence when rapeseed yield 


could be reduced by about 70% (24). 
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4.4 Quackgrass Control in the Field 


4.4.1 Control of quackgrass grown from planted rhizomes 

All herbicide treatments, including glyphosate, 
Significantly reduced the dry weight of quackgrass shoots 
determined 2 months after herbicide treatment (Table 8). 
Visual ratings indicated that, of the three experimental 
herbicides, DOWCO 453 was most effective in controlling 
quackgrass. 


Table 8. Control of quackgrass grown from planted 
rhizomes in the field. 


Shoot growth Regrowth ' 
TreatmentT Rate Score Culms Dew. Score 
kg/ha Aug 20 pur rit g/m*e May 14 
Weedy check 0 4i2 a 267 a 0 
TF 1169 0250 5 1 GADBC 30 "b 3 
Tet 169 0.70 7, 48 be Le 4s) 5 
Temp 169 L200 7 20 ¢ 9tb 6 
BAS 9052 OH OF35 4 15 Och 54 b Z 
BAS. 2052 OH 0.50 6 Senda fe: 18 b 4 
BAS 90521;0H OST O 7 36e¢ 13.05 6 
DOWCO 453 0.735 8 jaage! 4 b Zz 
DOWCO 453 0.50 9 Orc 0b 8 
DOWCO 453 O870 9 @sc 0b 9 
Glyphosate ee 8 Sip Roop 6 


tA treatments were applied at the 3- to-4-leaf stage 

of quackgrass plants. 

tNumbers in the same column followed by the same letter 
are not significantly different according to Duncan's New 
Multiple Range Test at P < 0.05. 
‘Regrowth in the treated plots was visually rated in the 
year after herbicide application. 
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Visual observations in May 1982 showed that the 
herbicide treatments resulted in a thinner stand Of 
quackgrass than Ene) Jeonmurol” ther “ollowings@year. 2) the 
treatments with DOWCO 453 were most effective in preventing 
quackgrass regrowth (Table 8). The highest rate of TF 1169 
or BAS 9052 OH was as effective as glyphosate at 1. kg/ha. 
Barley seeded in the herbicide-treated plots in the year 
after herbicide application was not affected by any of the 


treatments. 


4.4.2 Control of established quackgrass 

Tr 1169 et 0.52% ko/has@or) moret wastias’ “effective as 
glyphosate at 1 kg/ha in reducing the dry weight of 
quackgrass in an established stand (Table 9). Visual 
observations paca cated i thate,rBAS 9052) OH alone ‘or in 
combination with TF 1169 was less effective than TF 1169 
applied alone at 0.5 kg/ha or glyphosate at 1 kg/ha. 

Visual obServatvons 1h the Spring of 1982 andicated 
that none of the treatments, including glyphosate, was 
effective in preventing quackgrass regrowth the following 


year. 
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Table 9. Control of established quackgrass. 


rrr a snesnssnnsesssneseeenererennntnnspennnstesuneaseenss 


Shoot growth Regrowth’ 

TreatmenttT Rate Score Dry hwt Score 

kg/ha Aug 22 g/m?¢ May 30 
Weedy check 0 127 a 0 
TE £169 B225 4 655 be 1 
TE 1169 0a56 6 45 ¢ 5 
Pe 169 1.00 i Bigec 4 
BAS 9052 OH O25 3 99 ab 0 
BAS 9052 OH 0250 4 144 a 1 
BAS 9052 OH 62°70 5 67 de 3 
teerreotBASIO52 0.250.525 5 65 be 2 
TF1169+BAS9052 0.50+0.25 5 6e) bc 3 
Glyphosate ts 00 i 24 ¢ 3) 


VAepluss4 itr rat eOS25%eandnAgrals 90 catul <05% el v/v) Of ethe 
final spray volume were added to the mixture of 

BAS 9052 OH and TF 1169. All treatments were applied at 
the 3- to 4-leaf stage of quackgrass. 

tNumbers in the same column followed by the same letter 
are not significantly different according to Duncan's New 
Multiple Range Test at P < 0.05. 

‘Regrowth in the treated plots was visually rated in the 
year after herbicide application. 


4.5 Effect of the Herbicides on Growth of Quackgrass 


4.5.1 Injury symptoms 

Injury symptoms on quackgrass became evident within 4 
days of treatment with BAS 9052 OH or DOWCO 453 and within 5 
days of treatment witbetTP "1169... The first ‘symptems were 
inhibition of growth and the development of chlorosis near 


the base of the youngest leaf. This initial chlorosis 
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progressively spread towards the tip of the youngest leaf 
and on older leaves. Some older leaves showed a purple 
coloration near the base. Gradually, the whole plant turned 
chlorotic and the stem became weak and necrotic. Death of 
the plant occurred within 2 to 3 weeks of treatment. 

At low rates of the herbicides, curling and crinkling 
Symptoms appeared near the base of the youngest leaf. 
Chlorosis did not spread on older leaves and the plants were 
not killed, although growth was inhibited within 1 week of 
treatment. Some plants recovered Prone tmromni tial 
Suppression and resumed normal growth. At high rates, injury 
symptoms were enhanced and death occurred sia ie 2 weeks of 


EealLMen C.. 


4.5.2 Dry weight of shoots and viability of rhizomes 

All herbicide treatments, except the lowest rate of the 
herbieides, significantly inhibited the increase in 
quackgrass shoot dry weight when applied at the 2- to 3-leaf 
or 4- to 5-leaf stage in the greenhouse (Figure 4). Efficacy 
of the herbicides, however, was lower at the advanced growth 
Stage@enan at the early growth stage. “All. herbicides) were 
equally effective when applied at the early growth stage but 
DOWCO 453 was significantly more effective than BAS 9052 OH 
or TF 1169 when applied at the advanced growth stage. 
Tahibueion of Preaeee and severe leaf chlorosis, occurred 
after treatment with 0.05 kg/ha of DOWCO 453 or 0.10 kg/ha 


Of BASmo0520 08 or TF 1169. 
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4—~ BAS 9052 OH 
o——e TF1169 
e DOWCO 453 


(mg) 


DW PER PLANT 


-O1 -03 -05 10 “15 
RATE (kg/ha) 


Figure 4a. Effect of BAS 9052 OH, TF ‘1169, and DOWCO 453 
on the dry weight of quackgrass plants, 15 
days after treatment at the  2-leaf. stage. 
(DW of control plants at harvest was 229 mg) 
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Figure 4b, Effect of BAS 9052 0H, TF 1169, .and DOWCO 453 
on the dry weight of quackgrass plants, 15 
days Jatter treatment at the 4-leaf stage. 
(DW of control plants at harvest was 476 mg) 
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Regrowth of quackgrass plants from rhizomes was 
observed after the shoots had been removed 15 days after 
Eréeatmentwat both Stages ot! i growth. | <All’ othreecoherbicides 
reduced the number and dry weight of resprouted quackgrass 
shoots (Table 10). 


Table 10. Regrowth of quackgrass in the greenhouse. 


Percentage of shoots Dry weight 
resprouted mg/shoot 
Treatment Ratren 9 ess" a5 ne — hesc “Gr 08 tes --Se5eC"- 
kg/ha 2° ust 4 LS 2258 aS 
Control 5 35 25 ah.6) 
BAS 9052 OH 0203 50 100 | 106 
BAS 9052 OH OF0S 75 16 83 60 
BAS 9052 OH O20 ht 0 8 0 
BASUI05S2N0H Ofn5 0 0 0 
EEadtE9 0503 100 94 61 78 
Tee i169 0.05 88 88 74 87 
Teanié69 Ovid 18 69 vy 84 
TE 169 RAN es: 0 24 0 ea) 
DOWCO 453 Or04 94 84 59 83 
DOWCO 453 On03 19 5 14 1 
DOWCO 453 Or) 5 0 0 0 0 
BOWCO 453 Or ak0 0 0 0 0 
be SDs af0605) 21 21 83 33 


TLS refers to leaf stage of quackgrass plants at the 
time of treatment. 


BAS 9052 OH or TF 1169 at 0.10 kg/ha reduced the number of 
shoots resprouted by more than 87% when the plants were 
treated at the 2- to 3-leaf stage. TF 1169 was considerably 
less effective than BAS 9052 OH in reducing regrowth when 
applied at the 4- to 5-leaf stage. DOWCO 453 was most 


effective in reducing the number and dry weight of 
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resprouted quackgrass shoots, at either of the leaf stages. 

In» general, BAS’ 9052 OH»°and TF 1169 at rates of up» to 
On S0mekoyhabydidsenot tprovide Satisfactory eontrol of 
quackgrass grown from planted rhizomes in the field. BAS 
eUSzs0Hhup to On70tkg/hacandetrei169eup tomiekg/haandid thot 
provide satisfactory control of established quackgrass. 
Neither of the herbicides was effective in preventing 
regrowth of quackgrass in the next growing season. My 
results from field experiments are different from those of 
some other workers (47,104) who tested these herbicides 
under conditions of cultivation and in the presence of a 
crop. In my experiments, the herbicides were applied to 
quackgrass growing without competition from a crop, hence 
plants that survived herbicide treatments recovered and grew 
vigorously later in the season and may have produced new 
rhizomes. 

My results from qreeniouse experiments indicated that 
all three herbicides were very effective in controlling 
quackgrass shoot growth and reducing the viability of the 
rhizomes. These results suggested that the poor control of 
Guackgrass with) BAS °~9052) OHeeand TF "(69 "in =the tield 
experiments may have been due to the rates of these 
herbicides used in the field being too low. 

BAS 9052 OH and TF 1169 were more effective on 
quackgrass grown from planted rhizome segments than from 
established rhizomes in the field. Fragmentation of rhizomes 


by cultivation has been reported to improve the efficacy of 
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BAS QOS240H candaTY abie9ioneduackgrass (6337477503117 9423). In 
my experiment, the rhizomes of established quackgrass were 
fragmented by discing twice in the spring. However, due to 
uneven depth of the rhizomes, all segments may not have 
given rise to shoots at the same time. Hence, plants that 
escaped herbicide treatments may have given rise to shoots 
after spraying. 

DOWCO 453 was most effective in providing season-long 
control of quackgrass grown from planted rhizomes, at rates 
as low as 0.35 kg/ha. All treatments with this herbicide 
also were very effective in reducing regrowth of quackgrass 
one year after application. These results agree with the 
report that DOWCO 453 iat ©—0.50 2 kg/han provided! eftectiuve 
control of quackgrass in the field (47). Greenhouse studies 
confirmed the results of the field experiments and indicated 
that the stage of growth of quackgrass did not affect the 


efficacy of DOWCO 453 for regrowth control. 
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4.6 Morphological and Histological Effects on Wild Oats 

Wild oat plants at the 5-leaf stage, with the fourth 
internode 1 to 2 mm long, were sprayed with BAS 9052 OH or 
ii Oo meat smOmOomoana) 0.10: -kO/ia. Or with DOWCO 453 at 0.02 
and 0.05 kg/ha. The plants were harvested 0, 2, 5, 9, and 14 
days after treatment. Experiments were conducted separately 


for each herbicide. 


4.6.1 Injury symptoms on the stem 

The plants were dissected by carefully removing the 
leaves to expose the stem. A constriction on the stem _ was 
observed near the base of the fourth internode within 2 days 
of treatment with BAS 9052 OH and within 5 days of treatment 
with TF 1169 or (DOWCOM 453) During the 4) days following 
treatment, the constriction became progressively more severe 
and the tissue turned “brown (Figures 5 to 8). In plants 
treated with BAS 9052./0OH onvir (1169, "the *constriction also 
was observed near the base of the third internode in some 
instances. The growth and development of the panicle was 
inhibited with all herbicide treatments. Injury symptoms 


were enhanced at higher rates of the herbicides. 


4.6.2 Anatomical structure 


Transverse and longitudinal sections of wild oat stems 
taken from near the base of the fourth internode revealed an 


anatomical structure Similar to that reported by other 


workers. (19745 ,80,09). 
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Part of the stem of wild oats showing the 


thi, 


fourth and the upper internodes and 


the panicle (untreated). X30. 
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Figure 6. Part of the stem of wild oats 2 days (A) and 
5 days (B) after treatment with DOWCO 453 at 
0205 bo /ha.nX20% 
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Figure 7. 


Part of the stem of wild oats 9 days 


(A) 


and 


14 days (B) after treatment with DOWCO 453 


at 0.05 kg/ha. x20. 
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Figure 8. Part of the stem of wild oats 14 days after 
treatment with TF 1169 at 0.1 kg/ha X20 (A) 
anda BAS* 9052.0 wat. 0308 kg/ha x30 (B). 
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The epidermis was well defined and the vascular bundles were 
arranged in two circles (Figures 9 to 11). Vascular bundles 
of the outer circle were in the process of development and 
were partly embedded in the sclerenchymatous tissue 
immediately inside the epidermis. Vascular bundles of the 
-inner circle consisted of clearly defined xylem and phloem 
tissue separated by an immature tissue, procambium. 

The first visible injury to the anatomical structure 
occurred in the peripheral region of the stem near the base 
of the fourth internode. The epidermis was disorganized and 
ene cells in the cortex stained darkly within 5 ‘days ‘of 
treatment (Pigures -12 and 13). ‘Cells in the cortex, 
especially the procambium cells and those Surrounding the 
vascular bundles, were killed within 9 days of treatment. 
The smaller vascular bundles in the outer circle were 
completely obliterated 14 days after treatment. The larger 
vascular bundles in the inner circle lost their oval _ shape 
and appeared oblong as a result of necrosis of the vascular 
parenchyma and obliteration of some of the metaxylem vessels 
and the peripheral phloem cells. The cells in the ground 
parenchyma assumed an amoeboid shape, but developed necrosis 
much later than the cells in the cortex. At higher rates of 
the herbicides, necrosis spread to alli celis in the 


internode within 14 days of treatment. 
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Figure 9. Transverse section of wild oat 


stem from 
near the base of the fourth internode 
showing the epidermis (Ep), vascular bundles 
(VB), and the parenchymatous tissue in the 
cortex (Cx) and ground parenchyma (GP) 


(untreated). X100. 


Figure 10. Transverse section of wild oat stem from 


near the base of the fourth internode 
showing the epidermis (Ep), the scleren- 
chymatous tissue (Sc), protophloem (PP), 
metaphloem (MP), xylem (Xy), and the 
parenchymatous tissue in the cortex (Cx) 
ope ground parenchyma (GP) (untreated). 
X200. 
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Figure ll. Longitudinal section of a part of wild oat 
stem showing the fourth internode (In 4), 
the upper internodes and the panicle (Pa). 


The epidermis (Ep), node (No), vascular 
system (VS), and the cells in the cortex 
(Cx) and ground parenchyma (GP) are well 


differentiated (untreated). X250. 


82 


= rer We ote S 


« 


—> 


11 


nl 


\e 


Figure 12. 


ae 


Transverse sections of wild oat stem from 
near the base of the . fourth internode 
of plants treated with, BAS 9052 OH at 
Oi Kay nas Ep - epidermis; Cx - cortex; 
VB - vascular bundles. 


Treated wild oat stem showing necrosis of 
the epidermis and the cortical parenchyma 
cells, 2 days after treatment. X60. 


Same as a. X120. 


Treated wild oat stem showing necrosis of 
the procambium and cortical parenchyma 
cells, 5 days after treatment. X60. 


Same as c. X120. 


Treated wild oat stem showing necrosis in 
the cortex region and irregular shape of 
cells in the ground parenchyma, 9 days 
after treatment. X60. 


Same as e. X120. 

Treated wild oat stem showing severe 
necrosis of the stem tissue and oblong 
shape of vascular bundles, 14 days after 
treatment. X60. 


same: asig,) Xi20, 
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Figure 13. 


Longitudinal sections of the fourth internode 
of wild oat plants treated with BAS 9052 ©O8 
at 0.1 kg/ha. X160. Ep - epidermis; No — nedge,; 
Cx - cortex; GP - ground parenchyma; 
VS - vascular system; Pa - panicle. 


a. Treated wild oat stem showing the constriction 


near the base of the fourth internode and 
necrosis of the epidermis and cells in the 
cortex, 2 days after treatment. 


Treated wild oat stem showing herbicide 
injury symptoms near the base of the fourth 
internode, 5 days after treatment. 


Treated wild oat stem showing necrosis of 
the parenchymatous tissue on the outer and 
inner sides of the vascular system, 9 days 
after treatment. 


Treated wild oat stem showing necrosis of 
all cells in the fourth internode and the 
panicle, 14 days after treatment. 
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4.6.3 Stem length 

Elongation of the stem was inhibited significantly 
within 2 days of treatment with BAS 9052 OH and within 5 
days of treatment with TF 1169 or DOWCO 453 (Figures 14 to 
WG). Agter this initial inhibition, the treated plants 
Showed negligible stem elongation during the 14 days after 
treacment. inhibition Pofe"Stem ‘elongation occurred| as 4 
result f inhabetion of-elongation tof the Bihird sand ‘the 
fourth internode in plants treated with BAS 9052 OH or TF 
1169 and the fourth internode in plants treated with DOWCO 
453. The second internode did not show significant 
elongation during the period of observation. 

The pattern of development of the stem of wild oats was 
Similartto that reported for cultivated oats (19,80) or 
wheat (97) in that internode elongation usually occurred in 
acropetal succession. In plants treated with BAS 9052 OH or 
TF 1169, both the third and the fourth internodes were in 
the process of elongation at the time of herbicide 
application. In plants treated with DOWCO #53, thescthird 
internode had nearly completed its elongation and the fourth 
internode was elongating most rapidly at the time of 
treatment. Thus, it appears that BAS 9052 OH, TF 1169, and 
DOWCO 453 inhibited stem elongation in wild oats by 


affecting the elongation of actively growing internodes. 
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BAS 9052 OH (kg/ha) 


STEM LENGTH (cm) 


TIME AFTER TREATMENT (days) 


Figure 14a. Effect of BAS 9052 OH on wild oat stem 
elongation during 14 days after treatment. 


BAS 9052 OH (kg/ha) 
O 


INTERNODE LENGTH (cm) 


S 9 
TIME AFTER TREATMENT (days) 


Figure 14b. Effect of BAS 9052 OH on _ the elongation 
of the second, third, and fourth internodes 
during 14 days after treatment. 

(LSD values are given in Appendix Table IIT) 
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TF 1169 (kg/ha) 


STEM LENGTH (cm) 


TIME AFTER TREATMENT (days) 


Figure 15a. Effect of TF 1169 on wild oat stem 
elongation during 14 days after treatment. 


TF 1169 (kg/ha) 


INTERNODE LENGTH (cm) 


TIME AFTER TREATMENT (days) 


Figure 15b. Effect of TF 1169 on the elongation of 
the second, third, and fourth internodes 
during 14 days after treatment. 

(LSD values are given in Appendix Table III) 


pe 


en 
aly s aoe 


t . yy, 


an vi 
v 
+ 


‘signe roan bier 


mead a. vd te ai a 7 Yee is 
Jsrentatad ode ateh of pan doe sened 


90 


DOWCO 453 (kg/ha) 


STEM LENGTH (cm) 


TIME AFTER TREATMENT (days) 


Figure l6a. Effect of DOWCO 453 on wild oat stem 
elongation during 14 days after treatment. 


DOWCO 453 (kg/ha) 


INTERNODE LENGTH (cm) 


TIME AFTER TREATMENT (days) 


Figure 16b. Effect of DOWCO 453 on the elongation of 
the second, third, and fourth internodes 
during 14 days after treatment. 

(LSD values are given in Appendix Table IIT) 
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4.6.4 Culm diameter 

The increase in culm diameter near the base of the 
fourth internode was significantly reduced by all herbicide 
treatments, except the lower rate of BAS 9052 OH, 5 days 
after treatment. Consequently, culm diameter of ‘plants 
treated -with BAS 9052 OH or DOWCO 453 and plants treated 
with TF 1169 was*about 50% and 65%, respectively, of that of 
control plants 14 days after treatment (Table 11). 


Table 11. Effect of BAS 9052 OH, TF 1169, and DOWCO 453 on 
culm diameter. 


Culm diameter (mm)¢ 


TreatmentT Rate Days after treatment 
kg/ha 2 5 9 14 

Contrr ol te2~a gee’ ents PO ad | ed ofa 
BASSIOSZtOH ORCS 2a th. 2°ab THOME Pads) 
BAS 9052 OH <0 20 13Q a LO. Leib O88 -b 
Control 145: a Peome 165 @a a eet 
TES 1 269 O03 132. 2 T4266 in we se 1324 
TE S1 L69 OG 1a a RG ce! a0 me omits) 
Control heave Wa5Ba 16 Sa Ve98a 
DOWCO 453 O02 1.4 a a1 Sb PaO @b FACED 
DOWCO 453 0.05 1 35a OL9 ab O29RD 029 eb 


tExperiments with each herbicide were conducted 


separately. va, 
tNumbers in the same column for each herbicide followed 


by the same letter do not differ significantly according 
tOxbaS Dietval ves ha teaP hs 80205 


The reduction in culm diameter occurred as a result of 
inhibition of lateral expansion of the culm. In addition to 
inhibition of lateral expansion, some herbicide treatments, 
especially those with DOWCO 453, caused an actual reduction 
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possibly due to desiccation of the tissue. 


4.6.5 Vascular bundle diameter 

All herbicide treatments, except the lower rate of BAS 
9052 OH, inhibited the increase in diameter of vascular 
bundles of the inner circle within 5 days of treatment. 
Consequently, the diameter of vascular bundles of plants 
theatedowith’ BAST9052eOHpeTP rd 169%0r)/ DOWCOw453 wase77%, wB6% 
ana@ S72), erespectivelygeyof ethaticoficontroll plahts: 9days 
after treatment (Table 12). 


Table 12. Effect of BAS 9052 OH, TF 1169, and DOWCO 453 on 
vascular bundle diameter. 


Vascular bundle diameter (pm)¢ 


TreatmenttT Rate Days after treatment 

kg/ha 2 5 2) 14 
Cont rok Sita l2ehe js a a 
BAS 9052 OH 0.03 97 a 112 ab 94 b = 
BAS 9052 OH ay ne 99 a 8i5i-b Od -b + 
Control 124 a 11 3Aa 105iea 107 a 
TF 1169 OAIa 90 a 925 2/3) ae 9655 
TRCUUNGCY OnehO 96%a 97 b 82 b B2eb 
Cont rod SSea ldste 129 a 1D5gda'a 
DOWCO 453 O02 LOO te Od 84 b S0sb 
DOWCO 453 ORS oma o745 87 2b 87 4b 


tExperiments with each herbicide were conducted 


separately. = 
ae in the same column for each herbicide followed 


by the same letter do not differ significantly according 


tool. Sh Deevallues “at Pasii07i05 . 
Observations were not recorded 14 days after treatment with 


BAS 9052 OH, due to severe necrosis of the tissue. 


Although the size of various component cells of the 


vascular bundles was not determined, it appeared that the 
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increase in vascular bundle diameter was reduced as a result 
of inhibition of lateral expansion of the vascular 
parenchyma cells. The procambium and the vascular parenchyma 
cells were very sensitive to the herbicide treatments and 
showed necrosis within : days GE treatment. The 
differentiation of new xylem and phloem elements was 
prevented. The metaxylem vessels and the metaphloem cells 
that had differentiated before the plants were treated were 
also obliterated as a result of which the bundles lost their 
oval shape and became oblong within 14 days of treatment. 
This probably was the reason for an actual reduction in 


bundle diameter after-DOWCO 453 treatments. 


4.6.6 Diameter of cells in the cortex 

The diameter of cells in the cortex between the 
vascular bundles in the inner circle was measured on 
transverse sections of the stem. All herbicide treatments 
except the low rate of BAS 9052 OH inhibited the increase in 
cell diameter within 5 days of treatment. In plants treated 
with BAS 9052 OH, TF 1169, or DOWCO 453, cell diameter was 
about 75%, 67% and 54%, respectively, of that of control 
plants 9 days after treatment (Table 13). 

In addition to inhibiting lateral expansion of cells in 
the cortex, treatments with DOWCO 453 caused a real 
reduction in cell diameter, possibly due to desiccation of 


the tissue and severe necrosis of the cells within 14 days 


of treatment. 
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Table 13. Effect of BAS 9052 OH, TF 1169, and DOWCO 453 
on diameter of cells in the cortex. 
See eae eer I ee ee ee en ee 
Cell diameter (pm)¢ 
Treatmentt Rate Days after treatment 
kg/ha 2 5 9 
coo nee ee Rens iene De OE Cn ae DEG Pay SP MS hy CR Aa * 


Control 25.5: a S180 a S3)oa 
BAS 9052 OH 0.03 290 8 a Zio sab PAE! ae, 
BAS 9052 OH Ont aaa 2A<eQeb 25-3) 
Control Za 0L ea 3558.2 Shs2 Ga 
TE51:169 Osos 2544 ta Zo aces 2225 9D 
JENN SBS) Oar 2 Oia 22298 25m ne 
Control 30 &6 Ya 3639 .2a 40.3 a 
DOWCO 453 Or. 02 3204 7a 2 13S ib 1 O32: 4b 
DOWCO 453 SOS 29.9 a H620 2b isi mish a) 


tExperiments with each herbicide were conducted 
separately. 

tNumbers in the same column for each herbicide followed 
by the same letter do not differ significantly according 
Bema yS.<D.uvalue at P < 0.05. 


4.6.7 Width of cells in the ground parenchyma 

The @<wrath. of cells in» the ground parenchyma was 
measured on longitudinal sections taken from near the base 
of the fourth internode. In plants treated with TF 1169 or 
DOWCO 453, increase in the width of cells in the ground 
parenchyma was inhibited within 5 days of treatment (Table 
(14), “Consequently, cell width i) plants treateduwith jehese 
herbicides was only 60% and 52%, respectively, of that of 
control plants 9 days after treatment. In plants treated 
with BAS 9052 OH, cell width was significantly less than in 
Control. plants 2 days after treatment, but not 5 or 9 days 


after treatment. This was due to high variability in the 
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Gata’ (Tableh 14). 


Table 14, Effect of BAS 9052 OH, TF 1169, and DOWCO 453 on 
width of cells in ground parenchyma. 
ost Sn Se earn TE ee ee ee Oe ee ee ee eee ee ee ee 
Cell width (pm)¢ 


Treatmentt Rate Days after treatment 
kg/ha 2 5 9 

a eee sek 2s es eee a oe 
Control 44.7 a Bano a 40.8 a 
BAS 9052 OH 0.03 31.30 aD Syria.) Sao ma 
BAS*9052 OH OranG 2Ock we 2360 a S25 fa 
Control 44.2 a 39 .0na 4857 a 
TF 1169 OmO8 89% Jea 30.8 b 32%, 540 
TF 11469 Oaet0 3557 >a 3022+b 29-.41—-b 
Control SotF=a AD OF a a La ets 
DOWCO 453 0402 326 2wo 60 .Ufb Sree 1d on) 
DOWCO 453 0%05 Soe) a 3088) b PASTATS) 16 


tExperiments with each herbicide were conducted 
separately. 

tNumbers in the same column for each herbicide followed 
by the same letter do not differ significantly according 
tori. S.D. values at P = 0.05% 


In general, inhibition of lateral expansion of the 
vascular bundles and the cells in the cortex and ground 
parenchyma must have contributed to the reduction in lateral 
expansion of the culm near the base of the fourth internode. 
Thebhigh. susceptibility ofthe: cells in “the jepidermiss and 
the eortex, including the> procambium Sin Sthe™= vascular 
bundlése revealedethat) inhibitton@ortee lis civgsion siscesmay 
have contributed to inhibition of lateral expansion of the 
culm since the diameter of oat internodes increased first by 
periclinal cell divisions in the internode periphery, in 


narrow zones just beneath the epidermis, and finally by cell 


enlargement (19). 


} 
yey 
ane sie eee 

(oo ie ile® 


. aay 


nd 


nig’ 


nan p@aht WY ios sz0e ke to ‘yoolam bh ae 
oy Couey vt #ifeo. to d3biw 


aid cnu te and ph ey ale lace ew wr, Fp 


i 


Re Fi 
a 


» a ht eyed. a eR 1 ay 
~ ) gt \Ppa 
—_ A Fa dab Bisel a es - - — 
; g Tae: ae ora 
are) a: $0.0 
5 ~ i} A x ‘a ; 
a 4 
S18 ate 
‘ r . ij E0:, 
‘Wee: ) Ot. 
Rh) giae Fibers 7 
; a | ae : : 
i ie ek Oe £050 Se 
a G ‘ ot, Gi, rt Pie. 0.0 E 
on be “ — — ee eee aE ge Fe gen maotennyenioeety 
bethuinns ayew sbi gidied dose ddiw s30em 
eve eee | VES 
4 ited fees 107 omwlos ‘amBe) sds ni 2 
ty neat 2 ae eee ra yeisel suse of 
un 06, te eeulay Qe 
High sy! i ; i SS - 
j | a L 4a 
ul iy (i 
arecres oe ; re nohg tal ek laters’ a 
‘ 4¢ F 1S Be, Pe tite Oo #. arts Pine. “aetianud a ay miivpax 
4 i q ae eae ei 
al Vi mlioyibes ety 23 Patuglirsatiots sient, sau —— 
— wy, 
, | . ee 
mT S74 fj7003 ef2 36 sead eis bial wiles eds (ae oclediaieg 
ie ae iF wir a ; me! 
bas eiwzebiqa 683. ai ‘ejian igi s: s2aue t ei 
— . a eer 
TRLWpaem am Ae autos 29 ) 8939 = 
ty os p ; a vat 
yan reel & apd eivl fies tg sit 2 id 


roe _ 


sh he - 


cn? <3 i ies = 
Ye wets hexagon: SahSR Ae ms 


eu 
WE goed 
eae ‘ 


16> 


Ww a 
eke 


ai i iy 


= 


» 


Sosse shntaavas 


prion One 


drake 


an a 


mee nekat re tk rodish “Te: tot aia 


} wip lew 


96 


4.6.8 Length of cells in the cortex 

Cell elongation in the cortex near the base of the 
fourth internode was inhibited within 9 days of treatment 
with DOWCO 453 (Table 15). The differences in cell lengths 
between plants treated with BAS 9052 OH or TF 1169 and the 
@ontrolsenweren not very apparent’ sduringedthe' hpervod Wf 
observation. 


Table 15. Effect of BAS 9052 OH, TF 1169, and: DOWCO 453 on 
cell elongation in the cortex. 


Cell length (pm)¢ 


Treatmentt Rate Days after treatment 
kg/ha 2 5 9 

Control 42.8 a 31..3Ra 4i.ia 
BAS 9052 OH 0403 30.4 ab 3ie4e@a 30% 0ma 
BAS 9052 OH 02-10 22-%9~b 3228-4 3 feo fong 
Conero. sa yne ras Beas Se ada Na | a7 33a 
Tred 169 0203 35.1 a 29¢/ta 22:29 
TF 1169 0210 EW ion I 27.4 a 353967ab 
Control 82.368a Si 508a KOLO Oa 
DOWCO 453 O..0:2 a3 268a 36¢88a sG25) & 
DOWCO 453 205 29.6 a 38.4 a SHRED 


tExperiments with each herbicide were conducted 


separately. -t 
tNumbers in the same column for each herbicide followed 


by the same letter do not differ significantly according 
tomeeS.D. values at P = 0.09. 


The lengths of cells in the cortex of control plants in 
experiments with BAS 9052 OH and TF 1169 did not increase 
appreciably during the 93 days after treatment. Lengths of 
cells sin. plants treated with | DOWCO 453 increased 


considerably between 5 and 9 days after treatment. This 


probably was the reason that inhibition of cell elongation 
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by DOWCO 453 was much more apparent than by BAS 9052.°OH. ‘or 


TF 1169 during the period of observation. 


4.6.9 Length of cells in the ground parenchyma 

The lengths of cells measured in the ground parenchyma 
Wene istgniuficantly: (lesseciny plants treated 4withwDOowCco 4452 
than in control plants 9 days after treatment (Table 16). 
BPengiis@ of \feellsesini plants )streated. iwithbeTE mehicoS were 
Significantly less than in control plants 5 days after 
Gueatmentienbut tote .Qeedays igaitermetreatmentladtie |. ko high 
variability in the data. 


Table 16. Effect of BAS 9052 OH, TF 1169, and DOWCO 453 on 
cell elongation in the ground parenchyma. 


Cell length (pm)¢# 


TreatmentT Rate Days after treatment 
kg/ha 2 5 9 

Control 40.3 a 2056 a 43.9 a 
BAS 9052 OH O03 26.7 a 30.4 a 2973250 
BASa90'52/2OH Geko 25730 ga 3048-ra 33 akcab 
Control 34.9 a 35.28 ta 41.2 a 
EES i69 Oras Sil Oa PAS aa ©) 34.7 a 
TE R169 C110 37.4 a 2676.25 35. Sea 
Gontinol 93.4 a 39 26 %a Lenkta 
DOWCO 453 0.02 34.8 a 3/880 3053 D 
DOWCO 453 0.05 3 eoea 3% yoawa aye heb 


oe AN en ee eee 
+Experiments with each herbicide were conducted 


separately. nae 
tNumbers in the same column for each herbicide followed 


by the same letter do not differ significantly according 
OWLS 4D a valuestat RP 's40.405. 


As in the cortex, cell lengths in the ground parenchyma 


of control plants did not increase appreciably in 
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experiments with BAS 9052 OH and TF 1169 during 9 days after 
treatment. In the experiment with DOWCO 453, cell lengths 
increased rapidly between 5 and 9 days after treatment. 
Consequently, cell lengths in plants treated with BAS 9052 
OHsvand TF 1169 weresabout 75% and 85%, respectively, while 
cell lengths in plants treated with DOWCO 453 were only 
apoutrs0% of that of control 'plants7<9 tdays lafter Streatment: 

The differences in cell elongation in experiments with 
BAS re90525 0H, ‘TF ©1169 and /DOWCO \453 yepossibby cwere tdue «to 
differences in the stage of development of plants at the 
time of herbicide application. At the time of BAS 9052 OH or 
TF 1169 application, the fourth internode had just begun to 
elongate. At the time of DOWCO 453 application, the fourth 
internode was elongating most rapidly. 

Elongation of the internode occurs both by means of 
cell division and cell elongation which are overlapping 
processes during the early stages of internodal development 
(80). The fourth internode of control plants in experiments 
with BAS 9052 OH and TF 1169 increased by about 250% between 
Pwand 9 days after treatment. The incréase mein lenges ot 
cells in the cortex and ground parenchyma during the same 
peniod was only “about 20%. The increase nee Tengen sole eene 
fourth internode of control plants in the experiment with 
DOWCO 453 was about 330% and the increase in length of cells 
in the cortex and ground parenchyma was about 227%, 9 days 
after treatment. The much greater increase in length of the 


fourtimoemmneeenode than «in the length of cells in this 
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internode, in experiments with BAS 9052 OH and TF 1169, 
indicated that internode elongation in these experiments 
must have occurred primarily as a result of cell division. 
In the experiment with DOWCO 453, internode elongation was 
etcurringicbothatasnga result 200£ Ceéell¥ divgisnonSiand cell 
ebongations) vAlso;’ inhibition of internode elongation 
occurred within 2 days of treatment with BAS 9052 OH and 
Wathin SedaySiofe tréatmenthewirthn The ihé6Schorm DOWCOSN453¢ 
whereas inhibition of cell elongation was not apparent until 
9 days after treatment with any of the herbicides. These 
Observationsy, senonglyotindrcatet rehataBbaAs 90 5250H /aTPa 1697 
and DOWCO 453 inhibit internode elongation in wild oats _ by 
Rinebitingimboth Pcelbmedivision#® andiceldeentargemenGe Some 
other wild oat herbicides such as benzoylprop ethyl and 
fliamprop! methylwe(75)76,92)ilandivdichofopimethy? (93)thave 
shown similar activities on the stem and adventitious roots 


of wild oats, respectively. 
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4.7 Translocation Behaviour of the Herbicides in Grasses 


4.7.1 Effects of site of application on wild oats 

Wild oat plants at the 3-leaf stage were treated with 
three concentrations of BAS 9052 OH, TF 1169 or DOWCO 453. 
Specific volumes of the herbicide solutions (5 or 8 pl) were 
applied as single droplets at the tip, middle or base of the 
second leaf blade and also between the sheath of the second 
leaf and the stem. Experiments were conducted separately for 
each herbicide. 

The dry weight of plants treated with BAS 9052 OH was 
Sronificantly less than, that. .of-p control .plants,. 15 sdays 
after treatment. Placement of the herbicide between the leaf 
sheath and the stem was most effective while placement at 
the leaf tip was least effective in inhibiting growth of 
plants at all concentrations of the herbicide. Placement at 
the base or middle of the leaf blade was intermediate in 
effect at the lowest concentration, but was as effective as 
placement between the leaf sheath and the stem at the higher 
concentrations (Figure 17). 

The dry weight of plants treated with Ih cl was not 
significantly different from that of control plants when the 
herbicide was applied at the tip or middle of the leaf 


blade, except at the highest concentration, 15 days after 


treatment... Placement of .the herbicide between. the leaf 


sheath and the stem .resulted in significantly “lower” dry 


weight of plants at all concentrations of the herbicide. 
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BAS 9052 OH 


DW OF 4 PLANTS (mg) 


TIP 

MIDDLE 
150 BASE 

SHEATH 


01 02 03 04 -05 
RATE (kg/ha) 
Figure 17. Effect of site of application of BAS 9052 OH 
on the dry weight of wild oat plants, LS 


days after treatment. 
(DW of control plants at harvest was 1162 mg) 


TF 1169 


DW OF 4 PLANTS (mg) 


TIP 

MIDDLE 
100 BASE 

SHEATH 


-01 -02 -03 04 -05 
RATE (kg/ha) 
Effect of site of application of TF 1169 on 
the dry weight of wild oat plants, 15 days 


after treatment. 
(DW of control plants at harvest was 708 mg) 


Figure 18. 
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DOWCO 453 


RATE (kg/ha) 


Figure 19. Effect of site of application of DOWCO 453 
on the dry weight of wild oat plants, 15 
days after treatment. 

(DW of control plants at harvest was 1181 mg ) 


Placement at the base of the leaf blade was much less 
effective at the two lower concentrations, but was as 
effective as placement between the leaf sheath and the stem 
at the highest concentration (Figure 18). 

All treatments with DOWCO 453, except the concentration 
corresponding to 0.01 kg/ha applied at the tip, resulted in 
a significantly lower dry weight of wild oat plants than the 
control, 15 days after treatment. Placement of the herbicide 
between the leaf sheath and the stem was most effective 
while placement at the leaf tip was least effective in 
inhibiting growth of plants. Placement of the herbicide at 
the middle or base of the leaf blade was intermediate in 


effect. Increasing the concentration of the herbicide 
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reduced the differences in effects of site of application of 
the herbicide at the middle or base or between the leaf 


Sheath and the stem (Figure 19). 


4.7.2 Effects of site of application on green foxtail 

Green foxtail plants, at the 4-leaf stage, were treated 
at mthe tip, middie or base of the™third leaf blade. A 2=pi 
droplet of the herbicide “solution was applted. at the 
treatment sites. Three concentrations of BAS 9052 OH, TF 
1169, and DOWCO 453 were used in these studies. Experiments 
were conducted separately for each herbicide. 

All treatments with BAS S052 OH resulted in 
Significantly lower dry weight of green foxtail plants, 15 
days after treatment. Placement of the herbicide at the 
middle = or base, of the Heat blade was Significantly more 
effective than placement at the tip of the leaf blade at the 
two lower concentrations. At the highest concentration, all 
treatments were equally effective in reducing the dry weight 
of green foxtail plants (Figure 20). 

fol treatments with “THO Vlog, excepe the lowest 
concentration, resulted in significantly lower dry weight of 
green foxtail plants than the control, 15 days (after 
treatment. Placement of the herbicide at the base of the 
leaf blade was most effective while placement at the tip of 
the leaf blade was least effective at all concentrations. 


Treatments at the middle of the leaf blade were intermediate 


in effect (Figure 21). 
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Figure 20. Effect of site of application of BAS 9052 OH 
on the dry weight of green foxtail plants, 


15 days after treatment. 


(DW of control plants at harvest was 680 mg) 
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Figure 21. Effect of site of application of 


LE OL L69 


on the dry weight of green foxtail plants, 


15 days after treatment. 


(DW of control plants at harvest was 996 mg ) 
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DOWCO 453 


4——a TIP 
eo—e MIDDLE 
e-----e BASE 


DW OF 4 PLANTS (mg) 


-005 °O1 °03 -05 
RATE (kg/ha) 


Figure 22. Effect of site of application of DOWCO 453 
on the dry weight of green foxtail plants, 
15 days after treatment. 
(DW of control plants at harvest was 771 mg) 


All treatments with DOWCO 453 also resulted in 
Significantly lower dry weight of green foxtail plants than 
the controls, 15 days after treatment. At the lowest 
concentration, treatment at the base of the leaf blade was 
most effective while treatment at the tip of the leaf blade 


was least effective in inhibiting growth. At the highest 


concentration, treatments at the tip or middle of the leaf 


blade were not significantly different from the treatments 


at the base of the leaf blade (Figure 22). 
The activity of all three herbicides..generally was 


increased as the herbicide was applied closer to the leaf 


base, the application between the leaf sheath and the stem 


being the most effective. A Similar increase in 
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effectiveness has been reported for sbarban’) (34596), 
benzoylprop ethyl and difenzoquat'*® (34) in wild oats when 
the herbicide was applied nearer the leaf or plant base. It 
has been suggested that this could be a function of placing 
the chemical nearer to its site of action, thus minimizing 
any limiting factors associated with transport (34). The 
Sitessof action’ of* BAS"9052 OH, TF 1169) sandsDOWCO453 in 
wild oats and possibly in green foxtail appears to be near 
the base of the rapidly elongating internodes. The injury 
Symptoms’/observed on wild oat and green foxtail plants 
following spot applications were similar to those observed 
with spray applications with the herbicides. This indicated 
that the herbicides probably were translocated from the site 
of application on the leaf to the site of action in the stem 
in wild oat and green foxtail plants. Hence, like in the 
case of other wild oat herbicides, the decrease in the 
aebivity cof ethesherbicides, -especiallyhTF 1169>easlagresule 
of their placement away from the site of action may be 
associated with the distance the herbicides have to travel 
to reach the site of action. This appears to be particularly 
true in wild oats where the leaves are much longer than in 
greenetoxtail. 

Penetration of the herbicides at different sites on the 
leaf also may affect their activity on plants. The plant 
cuticle and the amount and type of epicuticular wax are 
important factors which can affect leaf wettability and 


161 2-dimethy1-3,5-diphenyl-1H -pyrazolium methyl sulphate. 
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Subsequent penetration (22). Coupland et al. (34) showed 
that surface wax morphology varied considerably between 
different areas on the leaf of wild oats. The inner’ surface 
of the leaf sheath had little wax and the area immediately 
adjacent to the ligule had Te ee thang¥eher restleot the 
leaf blade (34). This probably was a contributing factor to 
increased performance of BAS 9052 OH, TF 1169, and DOWCO 453 
when they were placed closer to the leaf base. The effect of 
placing the herbicides, especially TF 1169, farther away 
from the leaf base was more drastic in wild oats than in 
green foxtail, possibly due to differences in the morphology 
and the amount and kind of leaf waxes in the two species. 
The microclimate around the leaf base also may have 
been responsible for the increased effectiveness of the 
herbicides placed around this region. Humidity, which can 
affect the time for herbicide solution on the leaf to dry, 


tends to be higher near the leaf base than at the leaf tip 


had) s 


457.3 Mutilation studies on wild oats 

Wildroat plantsewat the 3Jsleafestageiwene treatedvat irne 
middle of the second leaf blade with two concentrations of 
BAS 9052 OH, TF 1169 or DOWCO 453. Herbicide emulsions were 
applied as single 8-pl droplets and the treated leaf was 
removed from the base of the leaf blade after intervals of 2 
tou 36 ehoursyvatin sone détheatment Fetherereated Nealhwastnet 


penevediunuil: harvest, 15 dayS after treatment. Experiments 
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were conducted separately for each herbicide. 

Dry weights of plants treated with BAS 9052 OH were 
Significantly lower than the untreated control when the 
ereated | leaf @ewas lallowed tojremain on the plant |formds to 6 
hours. The plants were not killed, however, unless the 
treated leaf was allowed to remain on the plant for at least 
S hours at the higher rate or\10 hours at themlower rate. 

Dry weights of wild oat plants treated with TF 1169 
were Significantly lower than the untreated control when the 
treated leaf was allowed to remain on the plant for 4 hours. 
The plants were not killed by any of the treatments except 
when the treated leaf was allowed to remain on the plant 
until harvest, 15 days after treatment at the higher rate. 
The plants showed stunting and crinkling symptoms on the 
young leaves 4 days after treatment but they recovered and 
resumed growth after this initial suppression even when the 
treated leaf was allowed to remain on the plant for 36 
hours. 

Dry weight data of wild oat plants treated with DOWCO 
453 showed variability when the treated leaf was removed 6 
hours after treatment or earlier. Visual observations 
indicated that growth of the plants was affected when the 
treated leaf was allowed to remain on the plant for 8 to 10 
hours. The plants were killed when the treated leaf was 
allowed to remain intact until 24 hours after treatment at 


the higher rate or 36 hours after treatment at the lower 


rate. 
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LENGTH OF TREATMENT PERIOD (h) 


Effect of different periods of treatment with BAS 
9052 OH, TF 1169 or DOWCO 453 on the dry weight 
of wild oat plants, 15 days after treatment. 


Figure 23's 
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The effect of single leaf application of the herbicides 
on the growth of wild oat plants indicated that the 
herbicides were translocated from the treated leaf to the 
Site of action in the stem. Of the three herbicides, BAS 
9052 OH appeared to be the fastest acting one, with a 
sufficient amount moving out of the treated leaf within 10 
HOMES sOL applicatton to kill the plant,) TF 1169 ‘was less 
effective even when the treated leaf was not removed until 
36 hours after treatment. The droplets were applied on the 
leaf blade about 3 to 4 cm away from the base. In site of 
application studies, it became clear that TF 1169 lost its 
effectiveness on wild oats when it was applied away from the 
base of the leaf blade. Hence, the lower activity of TF 1169 
in mutilation experiments may have been more a function of 
Site of application than of the time for the herbicide to 
remain on the plant. In studies in which TF 1169 was sprayed 
over the whole plant and the plants were subjected to 
Simulated. rainfall; the ‘activity, of the Sherbicide was inet 
appreciably decreased by rainfall even 1 hour after 
treatment (106). The activity of DOWCO 453 was not reduced 
when the treated leaf was removed from the rest of the plant 
36 hours after treatment. Apparently sufficient herbicide 
was absorbed and translocated out of the treated leaf to the 
site of action in plants within 36 hours of application. 

My results indicated that the slow absorption and 
translocation of these herbicides may be directly 


responsible for their slow action. BAS 9052 OH showed a more 
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rapid movement from the treated leaf than TF 1169 or DOWCO 
453. This difference is consistent with the timing of 
appearence of injury symptoms (constriction) on the stem of 


Wild coats: 


4.8 Viability of Quackgrass Rhizomes 

Shoots growing from the proximal end node of rhizome 
sections with ten nodes each were treated with three rates 
PerbAs 20052 .OH0.TF -1169.0r DOWCO 253, ‘ae ehe ~3-s0or) | Ssleart 
stage of the plants. The shoots were clipped at soil level 
15 days after treatment and their dry weights were obtained, 
and each node of the rhizome segments then was replanted 
individually to examine the effect of the herbicide 
treatment on their viability. 

All herbicide treatments except the lowest rate of BAS 
9052:\.OH’ -resulted -in° .a «Significantly lower«dry-weight of 
guackgrass shoots 15 days after treatment at both stages of 
growth. (Table 17). Theyshoots weve pseverely chioroeticrat, the 


highest rate of BAS 9052.OH or TF) 1169 and the two vhigher 


tates of DOWCO 453. 
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Table 17. Dry weight of quackgrass shoots 15 days after 
treatment. 


2 ee ae ee yes 5 eet ee 
Quackgrass shoots 


Treatmentt Rate! } @ 2--4--8--42-.§  S-_28._— “Mesa 
kg/ha Scoret DiWet~ Scores IB ore Coo 
(%) (%) 


Gont rol 0 100 0 100 
BAS 9052 OH 0 «05 4 80 3 97 
BAS 9052 OH 0.10 6 60 6 62 
BAS 9052 OH OS 8 24 8 44 
Bas. DL SL0005) 25 25 
Gontrol 0 100 0 100 
TE, <+-169 0-05 6 49 4 eee 
Tem 169 Ornke 7 62 5 62 
TFh.1169 OFS 8 10 7 32 
2S 93p..0(0005} 24 24 
Gontrol 0 100 0 100 
DOWCO 453 0.08 6 47 5 79 
DOWCO 453 O80 S) 8 9 16 
DOWCO 453 OMF0 9 24 9 8 
Bes tpeeto. 05) 19 19 


tExperiments were conducted separately for each herbicide. 
LS refers to leaf stage of quackgrass shoots at the time 
of spray. 

¢#Visual ratings were done at the time of harvesting 15 
days after treatment. Dry weights are expressed as percent 
or .conryals 


All Tstreatments T with “BAS¢9052 OH srqnitircantlyereduced 
the viability of quackgrass rhizome nodes (Table 18). At the 
highest rate of the herbicide, applications at the advanced 
growth stage of quackgrass shoots were more effective in 
reducing the viability than applications at the early growth 
stage. The nodes that were prevented from sprouting were 


located at random on the rhizome segments. 
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Table 18, Viability of individual quackgrass rhizome nodes 
after treatment of the shoots with BAS 9052 OH. 
LEE Se ae ine eS ae ee Oe eS ee ee ye De 
Number of nodes sprouted¢ 
Treatmentt Rate Node position on rhizome 
Koshal © 2 3 @ §> 6 7 & =o. 40 Mean 


Control 


G8. Si See, a sane 0 200re 
bRoagOS2. OH!) 0805 a 6 “& 2 OB. Ga are 0) Peo be 
Hao i 2052 OHS 00210 2 2 3 Seo UOMO 0 0 tis On € 
Bas 9052 OH) OFS 2 a ee 2ZOSS. Sew 0 0 t.2 € 
Control Ss € $@ 3 2 @ 32 3 1 1 2.8 ab 
BaoeleS2 OHO. 0805 BO Pe SB Be Ze 0 Rik -e 
Bro19052 0H) .0.10 Sey a OA i Ors SP Oa 1 oalce 
Bao t9052. 0HO.0515 oe, Pak Gok oO Oras 0 0.4 da 


tThe top four treatments were applied at the 3-leaf stage 
and the bottom four treatments were applied at the 5-leaf 
Stage of quackgrass plants. 

tThe data represent the total number of nodes sprouted at 
each node position on the rhizome in all the replicates of 
each treatment. Position 1 represents the proximal end node 
on the rhizome segments. 

Means followed by the same letter are not significantly 
different as determined by L.S.D. values at P s 0.05. 
Analysis of variance was done on transformed data. 


Treatments with TF 1169 at the two higher rates 
significantly reduced the viability of quackgrass rhizome 
nodes. (Table 19). The efficacy of«TF 1169 for reducing the 
viability of rhizome nodes was not affected by the stage of 
growth of quackgrass shoots at the time of treatment. The 


nodes that showed no sprouting were located randomly on the 


rhizome segments. 
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Table 19. Viability of individual quackgrass rhizome nodes 
after treatment of the shoots with TF 1169. 
a ded ek ee eee 
Number of nodes sproutedt 


Treatmentf Rate Node position on rhizome 
kg/ha PAC 35° (EMO Ge ees Be oe Mean 

Control Gera adhe (ES HE 2 ons 3), Ss 2 2.9°ab 
TF 1169 0805 BS OB UBS es ees 3 2.00 
DEVE VES On10 Bee ie M2 SOA erases we Os ce 2 bee ed 
TF 1169 Ons De 2 22 Oe Seale ed 0 Uwciate: 
Control & &) S. & 2 "Saas B 3 3.4 a 
TF 1169 005 En Say 62° "3" 25 Saks es 2 Si a 
TEVTT69 OF 16 a a mae ee ae ee | 1 222 be 
TF 1169 O15¢ 28 BIS 2-0" 28 ..0oee 0 22° a 


tThe top four treatments were applied at the 3-leaf stage 
and the bottom four treatments were applied at the 5-leaf 
Stage of quackgrass plants. 

¢tThe data represent the total number of nodes sprouted at 
each node position on the rhizome in the four replicates 
of each treatment. Position 1 represents the proximal end 
node of the rhizome segments. 

Means followed by the same letter are not significantly 
different as determined by L.S.D. values at P <$ 0.05. 
Analysis of variance was done on transformed data. 


Treatments with DOWCO 453 at the two higher rates 
resulted in a significant treduction?Gin Sviabrbityerofeithe 
rhizome nodes (Table 20). Treatments applied at the advanced 
growth stage of quackgrass shoots were more effective in 
reducing the viability of rhizome nodes than treatments 
applied at the early growth stage of the shoots. The nodes 


that did not sprout were located at random on the rhizome 


segments. 
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Table 20. Viability of individual quackgrass rhizome nodes 
after treatment of the shoots with DOWCO 453. 
Se i os ea ee 
Number of nodes sproutedt 
Treatmentt Rate Node position on rhizome 
kg/ha 1the Secdense 6f 7hes 


w 
oO 
= 
oO) 
oY) 
= 


Gontrol eevanteo Sictwu 25903 0usi ne 2 3.4 a 
DOWCO 453 0203 See ee oa PRON ie he hee | ay, 1 2.6 ab 
DOWCO 453 0205 2Lt2hes  S29R0RT. ZAL2 . m6 1 TES be 
DOWCO 453 O27 o Zo i Noy Ls Shee eee 1 12> 
Control a 3 @.@ 29 3. 2° 424 2 3.48a 
DOWCO 453 0B03 St AL 4503 (Be. OF Beecoig3s 2 S80 sa 
DOWCO 453 0.05 ee es ee Rs a eee 2 ea Ca 
DOWCO 453 0. 10 Oae0e Oecdeqtienve OF Omod 0 O20td 


TThe top four treatments were applied at the 3-leaf stage 
and the bottom four treatments were applied at the 5-leaf 
Stage of quackgrass plants. 

tThe data represent the total number of nodes sprouted at 
each node position on the rhizome in the four replicates of 
each treatment. Position 1 represents the proximal end node 
of the rhizome segments. 

Means followed by the same letter are not significantly 
different as determined by L.S.D. values at P < 0.05. 
Analysis of variance was done on transformed data. 


The reduction in the viability of quackgrass rhizome 
nodes following foliar applications of the herbicides 
probably is a function of translocation, .of  the™ herbicides 
from the shoots to the rhizome system in sufficient amounts 
to prevent sprouting. BAS 9052 OH and TF 1169 have been 
observed to translocate readily from shoots to rhizomes in 
Guackgrass (3/781). The higher «activity of BAS 90529) 0H cand 
DOWCO 453 Palouse foliar applications at the advanced 
growth stage may have been due to more rapid translocation 
of the herbicides from the shoots to the rhizomes. It has 


been reported that quackgrass shoots exported more 
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assimilates to the rhizomes after they reached the 4-leaf 
Stage of Growth (533111). 

BAS 9052 OH and TF 1169 did not prevent sprouting from 
all the nodes on the segments at the rates applied. The 
nodes that were prevented from sprouting were located 
randomly on the rhizome segments. This may be due to the 
fact that the nodes that were netaberte ita actively and thus 
were acting as a sink at the time of herbicide application, 
probably were killed as a consequence of more accumulation 
of the herbicides than the nodes that were dormant. 
Fragmentation of the rhizomes has been reported to release 
the nodes from dormancy (62,70,129). Hence, the nodes that 
escaped the phytOtemic eafiects, sols thegsmegbicudes® cum the 
mipact rhizome gave rise to shoots after they were 
fragmented and planted individually. Higher rates of the 
herbicides, however, may inhibit sprouting from all nodes on 


the rhizome as is evident from DOWCO 453 treatments. 
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4.9 Herbicide Mixtures 


4.9.1 Mixtures with other wild oat herbicides 

The efficacy of BAS 9052 OH applied in combination with 
other postemergence herbicides for wild oat control in 
rapeseed was evaluated in the field during 1980. BAS 9052 OH 
applied alone at 0.25 kg/ha provided excellent control of 
wild oats at the 3-leaf stage. The two lower rates were less 
effective (Table 21). 


Table 21. Mixtures of BAS 9052 OH with other herbicides 
for wild oat control in rapeseed. 


Wild oats Rape 

TreatmenttT Rate Score Culms D.W. Score Yield 

kg/ha Aug réueezmed g/m? ¢ Aug 6 g/m’¢ 
Weedy check 0 541 a O96 ‘a 9 44 a 
BAS 9052 OH O48 7 166 caéenyl06ced 9 11490be 
BAS: 9052-0H Ors 5 288 bec [Mase me: 9 pea uste: 
BAS 9052 OH O25 9 le le g 10 9iibe 
BAS9052+Barb 0.10+0.20 7 2i9red 67 de 9 LOS¥D 
BAS9O52+Barb » 0.1540. 20 8 106 de 33 de 9 SGrb 
Barban 0.40 7 154 ce 89 c-e 9 127nbe 
BAS9052+DCM 0.10+0.40 9g 5 e le 9 13@tibe 
BAS9052+DCM O21 520260 g le le S 1549¢ 
Diclofop 0.70 8 76 de 17 de 9 1558¢ 
BAS9052+BPE OrhoeOs 70 8 45 e 19 de 9 128 be 
BAS9052+BPE GT Boyne y 0) 9 37 e 7 de 9 139 be 
Benzoylprop 1.40 4 418 ab 349eb 8 33 a 
Tha ti69 0230 3 8 e ie 9 $53¥e 


+Barb=barban, DCM=diclofop=diclofop methyl, BPE=benzoyl 
rop ethyl. 

eee the same column followed by the same letter 

are not significantly different according to Duncan's New 


Multiple Range Test at P < 0.05. 
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Mixtures of BAS 9052 OH at the two low rates with 
barban or diclofop methyl, also at low rates, provided the 
same level of wild oat control as that obtained with high 
rates of barban, diclofop methyl or BAS 9052 OH. Mixtures of 
BAS 9052 OH with benzoylprop ethyl resulted in a significant 
increase in the level of wild oat control over that obtained 
with benzoylprop ethyl applied alone. TF 1169 was as 
effective as BAS 9052 OH applied alone at 0.25 kg/ha (Table 
CA 

All. herbicide treatments, except benzoylprop ethyl 
applied alone, resulted in significantly increased rapeseed 
yields. Benzoylprop ethyl treatment resulted in both poor 
weed control and injury to rapeseed plants. 

Invgeheral, mixtures of? BAS 90528 OH with dbagban, 
Giclofop smethyl or?0benzoylprop ethyl cdemonstrated Ggood 
compatibility. The application of BAS 9052 OH in mixtures 
with barban can result in an increase in the flexibility of 
application timing since barban when applied alone _ shows 
maximum activity at the 2-leaf stage of wild oats. Mixtures 
of. -BAS .9052..0H..with-barban-or-benzoylprop-ethy—aiso—could 
result in broad-spectrum grass weed control since barban and 
benzoylprop ethyl are effective only against wild oats. 
Benzoylprop ethyl applied alone was less effective on wild 
satsSithaniathesother: herbicides®, and “can cause injury «to 
rapeseed. Mixtures of BAS 9052 OH with benzoylprop ethyl can 


provide good control of wild oats without causing injury to 


croprplants. 
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4.9.2 Grass weed control with DOWCO 290 mixtures 

Green foxtail was very sensitive to competition from 
the crop; as a result, dry weights of green foxtail in weedy 
check plots were considerably lower in crop than without 
crop. BAS 9052 OH or DOWCO 453 in combination with DOWCO 290 
Wacevery eliective tmecontrolling green -foxtail, both in 
crop and without crop. TF 1169 or diclofop methyl in mixture 
with DOWCO 290 was less effective (Table 22). 


Table 22, Herbicide mixtures with DOWCO 290 for green 
foxtail control without crop and in crop. 


Green foxtail 


Without crop In-erep 

TreatmentT Rate Score Dry wt. Dirvawte 
kg/ha g/m? = g/m? +t 

Weedy check 0 TON Ga 38 a 
Diclofop methyl 0.70 6 257 Gea 4qad 
HOE 00654 O235 + S| pc 4a 
HOE 00654 0.45 6 183 d cs | 
BASI0524DWC290 “022540530 g, 10 e Od 
Te E69 EDWEZSOT 1033570 .30 4 386 be 14 b 
DWC453 +DWC290 0.15+0.30 9 Oe 1d 
Diclof.+DWC290 0.70+0.30 Z 459 b b2 be 
Trittucalim( PRE)apb.1e 6 25 00d 5 fod 


+DWC453=DOWCO 453, DWC290=DOWCO 290, Diclof.=diclofop 
methyl. HOE 00654 is a stereolsomer of diclofop methyl. 
Trifluralin was applied pre-plant incorporated to the soil. 
All other treatments were applied at the 3-leaf stage of 


reen foxtail. 
Behar’ in the same column followed by the same letter 


are not significantly different according to Duncan's New 
Multiple Range Test at P < 0.05. 


All herbicide treatments were very effective in 


controlling wild oats in crop (Table 23). Trifluralin was 
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ineffective without crop. Visual observations indicated that 
the level of wild oat control obtained with diclofop methyl 
alone was decreased when diclofop methyl was applied in 
combination with DOWCO 290. Rapeseed yields in the 
herbicide-treated plots did not differ significantly from 
those in the weedy check. 

Table 23. Herbicide mixtures with DOWCO 290 for wild oat 


control without crop and in crop. 


Wild oats Rape 
Without crop In enor 

Treatmentf Rate Score CulmssD.WS @eCulms/DGW. Yield 
kg/ha /m?= g/m? /m?$¢ g/m? g/m?t 

Weedy check 0 653 18 0) 38a) 2c ISN ome ae os 
Direlofopemeth-. One® 9 Dh o—d-hb ung Ober 2-t-4 
HOE 00654 0.35 8 169¢, Deeb 4c pbo 20S 
HOE 00654 0.45 g W6ec o110b Oc Ovbs 214 
BASI0S24+DWC290° 0625205300 8 oe Zeb Oc Oebat212 
Thlws IetDWG29080..35+0.30 6 Zi Coe eed Que Obo 193 
PWEA5Sr4+DWC 2908 OR St0C 30 US O¥e Q-b ite OfbE 225 
Bre lott +DWE290.084020:.30F TW Szecere3snib \Zaie Ssebreng5 
Trickuralin[PPL] 4.10 4 382 b 666 a Wecie toy. ey Joy eb 


+DWC453=DOWCO 453, DWC290=DOWCO 290, Diclof.=diclofop 
methyl. HOE 00654 is a stereoismer of diclofop methtyl. 
Trifluralin was applred. pre-plant) incorporated. to thessom.. 
All other treatments were applied at the 3-leaf stage of 


wild oats. 
tNumbers in the same column followed by the same letter 


are not significantly different according to Duncan's New 
Multiple Range Test at P < 0.05. 


BAS 905270Hi OTF! 1169mornDOWCO 453h inOWcombindt 1enpewith 
DOWCO 290 provided excellent control of volunteer barley, 
both in crop and without crop. Diclofop methyl alone and in 


combination with DOWCO 290, HOE 00654, and trifluralin were 
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ineffective against barley (Table 24). 


Table 24. Herbicide mixtures with DOWCO 290 for volunteer 
barley control without crop and in crop. 
[gy 2, re eee Sa eee er Se er meen ae ye ees 
Volunteer barley 


Without crop ine-cLop 
TreatmentfT Rate Score Culms D.W. Culms DW. 
kg/ha /m?= g/m? /m?t = g/m? 
ee a a ee 
Weedy check 0 4h SPSairabav2z73vabc se0ta 


Diclofop meth. Oa70 0 569.4579 194 be 292 a 
HOE 00654 0.35 0 433 a 980 a 20 a 404 a 
0 


HOE 00654 0.45 414 a 938 ab 209 bce 328 a 
BASYO52+DWC290 0.25+0.30 9 Sys Sec Ona is: 
me roo ) tDWOZ90 0.3570 .30 9 225 Ss) (S ta i ose: 
DWC453 +DWC290 0.15+0.30 9 OAD Bie Gra Ob 
Diclof.+DWC290 0.70+0. 30 0 408 a 885 ab 238 ab 382 a 
Pereluralint PP | 1.10 0 S71 Ota Zee 188 c 296 a 


+DWC453=DOWCO 453, DWC290=DOWCO 290, Diclof.=diclofop 
methyl. HOE 00654 is a stereoisomer of diclofop methyl. 
Trifluralin was applied pre-plant incorporated to the soil. 
All other treatments were applied at the 5-leaf stage of 
volunteer barley. 

tNumbers in the same column followed by the same letter 
are not significantly different according to Duncan's New 
Multiple Range Test at P < 0.05. 


The results of the field experiments with mixtures of 
BAS 9052 OH, TF 1169 or DOWCO 453 with DOWCO 290 confirmed 
the reports of earlier experiments by other workers 
(47,49,50). BAS 9052 OH or DOWCO 453 in mixture with DOWCO 
290 provided excellent control of all three grass weeds. The 
activity of TF 1169 in combination with DOWCO 290 appeared 
to be slightly reduced on green foxtail but not on wild oats 
or volunteer barley. Contrary to some reports (4,49,50), 


however, no injury to rapeseed was observed from any of the 
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herbicide mixtures. 

Mrxtures°of! BASC9052 OHPeTEOUIA69eRGEr I DOWCO 453 rwith 
DOWCO 290 performed better than the mixture of diclofop 
methyl and DOWCO 290 and _ «the pre-plant incorporated 
treatment of trifluralin. The new grass herbicides applied 
in combination with DOWCO 290 may provide a useful means to 
achieve broad-spectrum grass and broad-leaved weed control 


in a single application. 
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5. CONCLUSION 

Results of field and greenhouse experiments indicated 
that the three new herbicides, BAS 9052 OHe? TReli6o) “and 
DOWCO 453, were highly effective in controlling wild oats, 
green foxtail, and volunteer barley at a range of growth 
Stages. BAS 9052 OH was most effective on green foxtail and 
wild oats and somewhat less effective on volunteer barley. 
TF 1169 was most effective on wild oats and volunteer barley 
and somewhat less effective on green foxtail. DOWCO 453 was 
very effective on all three annual grasses. Rapeseed showed 
a high level of tolerance to all three herbicides at all 
Stages of growth tested. 

Efficacy of the new herbicides was affected in some 
instances by the growth stage of the grass weeds at the time 
@ue application. With some exceptions, the herbicides 
inhibited growth of weeds faster when they were applied at 
the early growth stage than at the advanced growth stage. 
The efficacy of BAS 9052 OH on wild oats was significantly 
greater when it was applied at the 2-leaf stage than at the 
4-Veatt stageousConverselypnaitsi@efiitcacy gong barkey was 
Significantly lower at the 2-leafestage thanrat the 4-leaf 
stage. TF 1169 was considerably less effective at the 4-leaf 
Stage than at the 2-leaf stage of green foxtail. DOWCO 453 
was equally effective at all stages of growth of the weeds 
tested. Ie is suggested that applications of these 
hepbieides sat caneear lyiG2s itolseleaf) Ggrewthestagedofetweeds 


could prove advantageous in timely and faster elimination of 
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weed competition. 

BAS 9052 OH at a reduced rate applied in combination 
with other herbicides such as barban, dighofopr methyl, beer 
benzoylprop ethyl also at reduced rates, provided as 
effective control of wild oats in rapeseed as when the 
herbicide was applied alone at the full rate. Combination of 
BAS 9052 OH with benzoylprop ethyl also proved to be safer 
on rapeseed than benzoylprop ethyl alone. 

The efficacy of BAS 9052 OH, TF 1169, and DOWCO 453 for 
Grassteweed ‘control “was not significantly reduced when any 
one of these herbicides was applied in combination with 
DOWCO 290, a herbicide for broad-leaved weed control in 
rapeseed. Tank-mix applications of BAS 9052 OH, TF 1169, or 
DOWCO 453 with DOWCO 290 could provide a useful method to 
control grass weeds as well as various broad-leaved weeds in 
a Single application. 

BAS 9052 OH, TF 1169, and DOWCO 453 affected the young 
growing tissue of grasses. Herbicide injury symptoms were 
eharacterized shy imhibitiom obignowtheand chlorosis. at “the 
base of the youngest leaf and were visible 3 to 4 days after 
herbicide application. Rapidly elongating internodes showed 
a marked constriction near the base within 2 days of 
treatment with TF 1169 or DOWCO 453. Wild oat plants at the 
5-leaf stage showed that the fourth internode which was 
about 2 mmin length atthe time ‘of »*treatment, ‘was’ most 
affected. Histological studies on wild oat stem 
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indicated that the herbicides inhibited lateral expansion 
and elongation of cells in the cortex and ground parenchyma 
regions. phnepbedon Of céll elongation) ichowevers twas léhess 
severe than inhibition of internode elongation. Since both 
cell elongation and cell division contribute to stem 
elongation in early stages of internode development, it is 
pooposedt that BAS 9052) OH) i TE’ 1169 , Rand) SDOWGOand SSA ece 
growth in grasses predominantly by Ginhwbi tangqi¢cele 
elongation. vandthicell division in rapidly elongating 
internodes. 

Besides affecting cell division and cell elongation, 
the herbicides disrupted the anatomical structure of wild 
oat stem tissue. Epidermis and cortical parenchyma cells 
were most severely affected. Cells of the procambium between 
the xylem and the phloem were killed. Metaxylem and 
metaphloem were obliterated and the tissue near the base of 
the fourth internode was killed within 14 days of treatment. 
This coincided with the death of the whole plant following 
severe chlorosis and tissue desiccation. 

The Emadnn satessofeacti oneofeBASes0SzZeCoHes Teaidé6é or and 
DOWCO 453 in grasses such as wild oats and green foxtail 
appears to be *near |’ the base of “thevrapidly elongating 
internodes. The herbicides showed increased activity as they 
were applied closer to the leaf base. Single droplet 
applications between the leaf Sheath and the stem were most 
eestoctiveus whi lebBapplisationsintoamihets leatktip werepliecase 
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application of these herbicides on the growth of plants 
suggested that BAS 9052 OH, TF 1169, and DOWCO 453 probably 
were translocated from the site of application on the leaves 
to the site of action in the stem. 

Some differences were observed in the translocation 
characteristics of the three grass herbicides in wild oats 
and green foxtail. The activity of BAS 9052 OH and DOWCO 453 
was ,saffected. to satlesserrextent byrsite of application on 
wiidsoatsithanethe ‘achivitywof TRr?16é9¢eSimilarnhresulte twere 
observed on green foxtail. The activity of TF 1169, however, 
was affected much less by site of application on _ green 
foxtail than on wild oats. This probably was due to much 
shorter leaves of green foxtail than those of wild oats and 
differences in the amount and morphology of leaf waxes in 
the two species. The low susceptibility of green foxtail to 
TF 1169 applications, however, is difficult to explain on 
the basis of my results. 

BAS 9052 OH produced a faster response in wild oats 
than TF 1169 or DOWCO 453. The leaf treated with BAS 9052 OH 
had to remain attached to the rest of the untreated plant 
for 10 hours to kill the plants. DOWCO 453 required 36 hours 
to produce the same effect. TF 1169 did not kill the plants 
even when the treated leaf was not removed from the rest of 
thetplantsuntihliabtrer 686 hours. These results indicated that 
the time required for BAS 9052 OH to move out of the treated 
leaf -of wild oats in«sufficient amounts to kill«the plants 
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probably is the reason for BAS 9052 OH to show injury 
Symptoms (constriction) near the base of the internode much 
earlier than the other two herbicides. 

In ‘the field; BAS °905200H andeTF)1169cdid not provide 
Satisfactory control of established quackgrass at the rates 
tested. These herbicides, although they were effective in 
controlling growth from planted rhizomes, did not adequately 
prevent regrowth in the year after application. DOWCO 453 at 
rates as low as 0.35 kg/ha was very effective on quackgrass 
grown from planted rhizomes. All treatments with this 
herbicide also prevented quackgrass regrowth in the next 
growing season. No adverse effect was observed on barley 
seeded in the herbicide-treated plots in the year following 
herbicide application. 

In the greenhouse, all three herbicides were very 
effective .in controlling quackgrass and preventing regrowth 
from the rhizomes. Herbicides applied to the shoot at one 
end of rhizome sections consisting of 10 nodes inhibited 
sprouting, from most of the modest tongetie | riizomes section. 
DOWCO 453 was more effective in inhibiting sprouting from 
the modes) tham BAS 9052 OHeor EF) imico: 

The ‘poor ‘control of quackgrass with BAS 902 OH vor sir 
1169 in the field was probably due to the rates of the 
herbicides applied being too low. Further experiments with 
these Here eree would be required to establish rates which 
for the control of established quackgrass in 


are effective 


the field. Application of BAS 9052 OH or TF 1169 coupled 
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with various cultivation methods may improve control of 
established quackgrass with these herbicides. Planting of 
competitive crops such as rapeseed in the year of herbicide 
application and barley one year after herbicide application 
may help to suppress the recovery of quackgrass plants from 
herbicide injury and regrowth from rhizomes. The new 
herbicides can provide a substitute for non-selective 
herbicides such as glyphosate for quackgrass control and 
thus can eliminate the need for fallowing for control of 


this weed. 
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APPENDIX 


Table I. Wild oat and volunteer barley control in rapeseed 


(1980). 
Wild oats Vol. barley 

Treatmentf Rate Score Culms D.W. Score Culms D.W. 

kgvha Aug 6 /m?t Tq/met Aug 69 /m?+ téq/mee 
Weedy check 0 547 a 434 a 0 Vie ope Ona 
Bes 9052 2 LS @s15 y tO Db 74 °b 5 216 5b Fa0d b 
BasmoOme) 2 FS) 0,515 8 19-¢ Sac by TONS De 257 
eas 2052 5 LS  O.415 8 49 ¢ 28 <C 9 26 AC 
Bre 9052" 2°LS «0.25 9 See PA de 7 Cece RS PE Se 
BAS 9052) 3 LS 0325 9 tave 2 vi 7Ome 93 ¢ 
BRowOR2, SLs 1 CaZ25 9g kee Sac 9 1 Pec 
Bas. 9O52762°LS .a6740 9 See Zac 8 32u¢ 24 ¢c 
BASCIGS2me3.°LS- 0.40 9 LOne fixe! 9 See Ze 
BASWS052 5 LS= 0740 9 Gis OIC 9 HEC Onc 


TLS refers to leaf stage of wild oats at the time of 
treatment. Volunteer barley plants were at 3-, 4-, and 
6-leaf stage at the time of treatment. 

tNumbers in the same column followed by the same letter 
are not significantly different according to Duncan's New 
Multiple Range Test at P < 0.05. 
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Table II. Green foxtail control in rapeseed (1980). 


Green foxtail Rape 

TreatmenttT Rate Score Dry wer Score Yield 

kg/ha Aug 6 g/m?+t Aug 6 o/m 7 
Weedy check 0 S0lD 9 201 tab 
BAS 9052 02 LS 0502 6 76 ab =) 149 be 
BAS 9052 4 LS O503 4 128 a 7 36.4 
Bas s9@52 2.LS 0708 8 23D S) 148 be 
BAS 9052 4 LS @a08 7 64 ab 6 164 
BASLCOSZ9 2 LS O15 2 8Wb = 226 a 
Base o0S2 4 LS Unis 7 62 ab 2 3:1 
PH G9 2905S 860735 8 ikon 2 148 be 
Phir 169 42S 6c0 ass 7 67 ab 6 G7 3c 


+LS refers to leaf stage of green foxtail at the time 

of treatment. 

tNumbers in the same column followed by the same letter 
ape not Significantly different "aceording to Duncans New 
Multiple Range Test at P < 0.05. 
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Table III. LSD values at P=.05 on the length of the 
fourth and third internodes of wild oats. 


LSD valuest 


Herbicide Internodet 2 5 9 14 
BAS 9052 OH Tr 4 0.12 NS 0.43 eae Re, 
ins 0-36 NS 0.64 0.63 
TF 1169 ry 24 NS Grez2 0.15 0.6: 
in 3 NS 0.58 0.99 t.5a 
DOWCO 453 In 4 NS Oey at 05 Oivisyy 
Hers NS NS NS NS 


+The data for each internode were analyzed separately 
for each harvesting time. 

NS refers to non-significant difference. 

¢tThe elongation of the second internode was not 
Significantly different from the control during 14 days 
after treatment. 
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Table IV. Weather data (1980). 


Temperature 
eisai sa a Rainfall 
Date Min. Max. R.H.(%) (mm) Treatmentt 
May 23 THE. 0 eae, 36 Os9 
May 24 0 9:20 97 O26 
May 25 720 Ono 97 o.3 
May 26 Cas Oe.5 100 122 
May 27 6. U oat) 97 eres 
May 28 4.5 eee, 84 2:20 
May 29 6.0 eS 62 OG 
May 30 eS 12.0 86 0.7 WiOne -aumlGS 
May 31 AA aes 205 60 a 
June 1 8.0 20.5 58 1830 
June 2 Hae 0 toe 87 ead) 
June 3 TELO 14.0 1S 14.0 
June 4 Wig DS Veo 89 Za 
June 5 ZO WS .25 58 1.4 
June 6 i <0 125.5 70 OFS 
June 7 bh. 5 17.0 44 --= WO. =o aS 
June 8 64D 2349 53 i a 
June 20 2655 51 =— = 
June 10 Bh.0 26.0 56 4.0 
June 11 1ay5 2345 66 one 
June 12 «0 24.0 70 = = 
June 13 9.0 25.0 56 - = WO aS 
June 14 tO 2530 a5 oS 
June. 5 fale 25-0 56 aS 


+w.O. refers to wild oats and LS refers to leaf stage 
of the weed at the time of treatment. 
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Table V. Weather data (1981). 


Temperature 
BS ere ae po a Eo Rainfallf 
Date Min. Max. R.H. (%) (mm) Treatment¢t 
May 23 10.4 250 dd! Ors 2 
May 24 £020 TOnes 30 Dae 
May 25 ees 243 35 mae wie 
May 26 tie Zr e5 59 SS 
May 27 Coz 16.8 66 Sie 
May 28 fee il Wo SZ 1.4 
May 29 Sic Los 58 OFS 
May 30 8.0 22.0 61 ee 
May 31 10R9 24.0 88 ae 
June 1 S00 FS20 61 ues 
June 2 16:5 2c t 68 Ff WO. GS 
June 3 10.0 24.4 94 HOes6 
June 4 66 VO 59 2280) 
June 5 4.0 19°33 35 Ee 
June 6 4,4 20 ae ES Ay 
June 7 Ps) us Wha) 39 G26 
June 8 4.1 15.6 5) 1 oe ge 
June 9 4.2 19.6 4] = = 
June 10 eo e8) 18.4 SNS == 
June 11 8 LIAL ®) 68 sys W.O; 5 LS 
June 12 Zee oye? LS Dine 
June 13 Beal iste ies 7 
June 14 Sie Orel 63 Ore 
June 15 Sil Zrleno ai) O22 


+T refers to trace amounts of rainfall. 
HWeO, peters to wildswoatS andelbo weLers (LO wleai Stage 
of the weed at the time of treatment. 
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